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Sheetal Vijay Ajgaonkar, candidate of Master of Science Degree, 
University of Missouri-Kansas City, 2010 
ABSTRACT 
Every US state Department of Transportation has its own practice for design and 
construction of Bridge Approach Slab (BAS). The objective of this thesis is to explore the 
usage of alternate innovative structural solution for Missouri Department of Transportation 
(MoDOT), simple to implement in the field and to reduce the cost of construction when a 
Bridge Approach Slab is needed. A cost study was performed in order to determine the least 
cost slab design from the slabs data obtained from all the states. The cost was estimated 
based on the MoDOT costing method and was compared with the data gathered from other 
states’ BAS. 
Analysis and design of various finite element BAS models were carried out in SAP 
to study the effect of span, reinforcement changes, and soil stiffness under the slab. This 
project study provides an overview of optimization of design and cost of Bridge Approach 
Slab.  
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CHAPTER 1  
INTRODUCTION 
Bridge approach slabs (BAS) are intended to serve as a gentle transition from a 
roadway pavement section to a bridge structure. They connect the bridge deck with the road 
pavement. They are provided to minimize differential settlement effects and to give a 
smooth transition from the pavement to the bridge deck. 
The bridge deck is a rigid structure compared to the road pavement. Approach slab 
settlement has been a major problem which occurs due to consolidation or erosion of the soil 
underneath BAS which results in loss of support. 25 percent of the bridge approach slabs in 
the US experience some sort of failure (Briaud, Seo et al. 2002). Figure 1-1 shows schematic 
view for approach slab settlement (Hoppe 1999). For bridge approach slabs, failure indicates 
the failure to provide a smooth transition to the bridge reflected in a noticeable bump felt by 
motorists.  Whether this bump is a safety issue or not may be debated; however, there is no 
question that it is both noticeable to motorists and maintenance issue for the bridge owners. 
Approach slab settlement was ranked as the second most significant problem that MoDOT 
faced next only to slope stability (Bowders, Loehr et al. 2002). MoDOT has adopted a 
sleeper slab in 1993 (Bowders, Loehr et al. 2002). 
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Figure 1-1: Bridge Approach Slab settlement (Hoppe 1999) 
 
Luna et al. (2004), in a project for the Missouri Department of Transportation 
(MoDOT), has looked extensively at the geotechnical issues (Luna, Robison et al. 2004). To 
expand the research done by Luna et al. (2004), MoDOT initiated a research project with the 
subject of the research presented in this thesis. The research presented here aims to 
investigate and recommend cost effective alternative design solutions for bridge approach 
slabs, which are ready for implementation. The goal of the project is to provide cost-
effective structural solutions even if differential settlement problems can not be entirely 
avoided by geotechnical solutions. 
1.1 Literature Study 
There are number of studies across the country to determine the issues with the bump 
problem and the settlement. Several comprehensive studies on the approach slab 
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performance have been performed by various states DOT’s over the years. At its simplest, 
the problem is often treated as a construction issue with the claim that bridge contractors 
could eliminate the problem by careful selection and placement of bridge end fills.  At its 
most complex form, however, the problem proves to be a difficult combination of structural, 
geotechnical and drainage conditions. The solution requires a multi-disciplinary approach to 
assess the root cause and engineer an appropriate solution.  
The performance of the approach slab is affected by geotechnical and structural 
factors (White, Sritharan et al. 2005). The performance of approach slabs depends on 
approach slab dimensions, steel reinforcement, use of a sleeper slab, and type of connection 
between the approach slab and the bridge. The structural factors that govern the performance 
of approach slabs are slab depth, span, percentage of reinforcement and soil- structure 
interactions characteristics. The geotechnical factors affecting the performance are approach 
fill settlement, compression of the embankment fill material due to inadequate compaction, 
poor drainage, erosion of the fill material, etc.  
A literature review, related to cast in place (CIP) approach slabs, was conducted on 
the issues related to “bump at the end of approach slabs”. As of 1995, there were 600,000 
bridges across the United States. Among them, 150,000 had problems with bumps at bridge 
ends (Briaud, James et al. 1997). Studies have been conducted to observe the  performance 
of approach and transition slabs in New Jersey using a finite element approach (Nassif, Abu-
Amra et al. 2002). They used ABAQUS software to model the soil structure interaction and 
studied the cracking behavior under various conditions. The objective was to develop 
effective and alternate design to reduce cracking. The effect of embankment settlement on 
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the performance of approach slab has been  investigated (Cai, Shi et al. 2005). A 3-D finite 
element analysis was conducted considering the interaction between the approach slab and 
the embankment soil. The predicted internal moments of the approach slab provide design 
engineers with a scientific basis to properly design the approach slab considering different 
levels of embankment settlements. Investigation on general bridge approach settlement in 
Iowa observed that 25% of the 74 bridge sites had severe void development problems 
(White, Sritharan et al. 2005). It was noted that the void development tends to occur in the 
first year of the approach slab construction. They concluded that approach pavement 
systems were performing poorly because of poor backfill properties, inadequate subsurface 
drainage, and poor construction practices.  
1.2 Approach Slab Issues 
There have been no reported or adopted rational design procedures for bridge 
approach slabs in spite of their extensive usage. Often bridge approach slabs are supported 
on a corbel on the abutment side and a sleeper slab on the pavement side. Bridge designers 
often ignore the soil support under the slab and design them as simply supported slabs 
subjected to the standard American Association of State Highway and Transportation 
Officials (AASHTO) loads. A report for Iowa DOT has designed approach slabs based on 
the length of the voids observed (White, Mekkawy et al. 2007). They observed voids up to 
15 feet in length and consequently designed approach slabs assuming 15 feet to be the 
simply supported span. 
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Many states have issues related to the poor performance of bridge approach slabs. 
These issues have been well documented by several groups. There are a number of reasons 
for the poor performance of the approach slabs. They include 
a) Settlement of bridge approach slabs due to consolidation of soil under the slab over a 
period of time. It has been reported that nationwide about twenty five percent of 
approximately 150,000 bridges need rehabilitation costing an estimated $100 million 
(Briaud, James et al. 1997). It has also been reported that in 2004 alone California spent 
almost $8 million in repairs or replacement of deteriorated approach slabs. 
b) Erosion of soil under the bridge approach slab and consequent void formation due to 
inadequate drainage near the abutment resulting in longitudinal cracks developed in 
approach slabs as reported by (Wolde-Tinsae and Klinger 1987) 
c) Movement of bridge abutment due to temperature and traffic loads causing erosion of 
soil near the abutment (Hoppe 1999) 
d)  Damage caused by movement of abutment near the connection of the slab and the 
abutment. 
e) Incidental forces due to creep, shrinkage causing cracks in bridge abutments (White, 
Sritharan et al. 2005)  
f)  Transverse cracking in approach slabs occurring due to traffic loads, backfill settlement 
and voids under the slab.  
 Service Criteria- It has been shown that there is no standard design procedure for 
the design of approach slabs. In addition no service life or performance criteria standards 
exist. Since the approach slabs experience a numerous severe conditions pertaining to both 
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applied traffic loads and the support conditions it is important to quantify and characterize 
the service criteria pertaining to cracking, deflections and abutment end rotations. Existing 
literature establishes service limits based on the differential settlement and the end rotations 
of the bridge approach slab. The differential settlement is defined as difference between the 
vertical displacements between the two ends of the slab. The end rotations θ is the 
differential settlement divided by length of the slab. Grover (1978) recommended a 
differential settlement limit of 1 inch and noted that differential settlements of 2 to 3 inches 
would be felt by the drivers. Settlements over 4 inches were considered to be unacceptable. 
(Long, Olson et al. 1998) proposed a bridge approach slab rating system in which a 1 inch 
settlement is designated as a bump, a 2 inch settlement is regarded as a moderate bump and 
a 3 inch or larger settlement is regarded as a significant bump requiring repair and 
rehabilitation. In terms of the end rotations it has been observed that a slope change less than 
1/200 radians is acceptable for riding comfort and a slope of 1/125 radians would cause 
riding discomfort (Wahls 1990). 
1.3 Objective of the Study 
The objective of this project is to find cost effective alternative solutions for BAS 
that are ready for field implementation. The main purpose of the proposed project is to 
explore the usage of alternate innovative structural solutions to reduce the cost of 
construction when a BAS is needed. 
It is clear that the problem of cracking and riding discomfort due to the ‘bump at the end of 
the bridge’ is caused largely by geotechnical factors. In many instances soil compaction 
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under uncertain conditions when the bridge is being constructed may not be properly 
achieved. The goal of the proposed research is to provide cost-effective structural solutions, 
even if differential settlement problems cannot be entirely mitigated by geotechnical 
solutions. 
1.4 Scope of the Study 
In order to accomplish the above objectives, several tasks are briefly described as follows: 
1. Evaluate and document the current condition of existing bridge approach slabs with data 
available from MoDOT and additional data gathered from field studies as a part of this 
investigation. From this study, the primary issues associated with the performance of 
approach slabs will be identified.  
2. Perform a best practice study of similar work done around the country and examine 
suitable solutions. Review existing practices and innovations in Iowa, New Jersey, 
Nebraska, Louisiana and other DOTs. This survey/analysis will benefit from a similar 
but less exhaustive compilation undertaken by Iowa DOT.  
3. Study the construction cost for the existing BAS and perform a cost analysis for the data 
gathered from US states. 
4. Study various alternatives to the design of existing approach slab. Some of the 
alternatives are outlined here.  
a. CIP approach slab with different span and depth. 
b. CIP approach slabs with different reinforcement. 
c. CIP approach slab with different support conditions. 
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5. Perform a parametric study of the effect of a) span length variation, b) slab thickness 
variation and c) end condition variations in order to facilitate design approach slab that 
could potentially withstand very demanding geotechnical conditions. 
 
1.5 Research Approach 
 The tasks outlined in the Scope of the Study have been conducted systematically as 
outlined below. 
1. Study of best practices has been completed following a written survey of all DOTs.  
2. Analysis and design of CIP solutions have been performed using commercial structural 
software, SAP 2000 v11.  
3. Recommended design specifications for adoption by MoDOT with supporting 
documentation. 
4. Data collection from MoDOT through several meetings with MoDOT personnel such as 
TAP meetings, email exchange and telephonic conversations and inspection of approach 
slabs. 
1.6 Thesis Organization 
This thesis is organized in to the following seven chapters. 
• Chapter 2: Discusses the data collection from various US states and classification of the 
data based on span, depth and moment capacity of BAS.  
• Chapter 3: Discusses the performance survey study and talks about BAS problems faced 
by various DOTs. 
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• Chapter 4: Discusses the BAS sites visited to study various BAS issues. 
• Chapter 5: Presents the cost estimation of existing MoDOT BAS and perform a cost 
study on the data gathered from other states BAS. 
• Chapter 6: Discusses the design of BAS as per AASHTO specifications. 
• Chapter 7: Presents the numerical modeling of BAS using SAP 2000 software and 
analyses various models using different boundary conditions. 
• Chapter 8: Presents recommendations for new Bridge Approach slab.  
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CHAPTER 2  
STATES’ DETAIL AND CLASSIFICATION 
The design and detailing of BAS varies nationwide. Most of US state DOT’s have 
their own set of construction and design procedure for the BAS. As a first step in this 
research project approach slabs drawings were collected from MoDOT and other US states 
by contacting DOTs. The data was collected for almost 40 states. This chapter presents the 
synthesized data collected from all these US states. Data include slab span, thickness, 
reinforcement details, boundary conditions, etc. Furthermore, based on the data pertaining to 
the reinforcement details, the moment capacity of each slab has been determined assuming a 
singly reinforced slab. This data has been classified based on slab span, depth and moment 
capacities in order to capture any observable trends.  
2.1 Current Missouri DOT Approach Slab Detail 
The current standard Missouri Bridge Approach slab is 25’ long and 12” thick and 
rests on the abutment at one end and a sleeper slab at the pavement end. It is classified as an 
integral abutment slab (I-A Slab). Drainage material is placed below the entire slab and a 
perforated pipe is placed adjacent to the sleeper beam below the BAS. A standard bridge 
approach slab drawing is available on the MoDOT Bridge standards website 
http://www.modot.mo.gov/business/standard_drawings2/documents/apn6_sq_n.pdf 
There are three types of Bridge approach slabs used by Missouri DOT 
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Type 1) Standard bridge approach slabs (BAS): It has 25 feet span and 12 inch 
depth which is used on all major routes regardless of pavement selection. This slab rests on 
sleeper slab which was introduced by MoDOT in 1993.  The bottom longitudinal and 
transverse reinforcement used is #8 @ 5” c/c and #6 @ 15” c/c respectively. The top 
longitudinal and transverse reinforcement used is #7 @ 12” c/c and #4 @ 18” c/c 
respectively. The schematic view for the slab is shown in Figure 2-1.  
 
Figure 2-1: Missouri BAS Type 1 
 
Type 2) A Modified BAS (MBAS) – This type of BAS is used on minor routes only 
especially if the pavement selected by a contractor is made of concrete. The bottom 
longitudinal and transverse reinforcement is #6 @ 6” c/c and #4 @ 12” c/c respectively. The 
top longitudinal and transverse reinforcement used is #5 @ 12” c/c and #4 @ 18” c/c 
respectively.  It has a span of 25 feet and depth of 12”. Modified approach slab does not 
consist of sleeper slab at the pavement end. The schematic view for the slabs above is as 
shown in Figure 2-2. 
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Figure 2-2: Missouri BAS Type 2 
 
 Type 3) Bridge concrete approach pavement: It is a roadway version of the BAS with 
15’ span which rests upon a “sleeper slab”.  The other end of the approach pavement rests 
upon a “concrete sill”. The concrete pavement that abuts the roadway approach pavement 
may be either concrete or asphalt.  The schematic view for the slabs above is as shown in 
Figure 2-3. 
 
Figure 2-3: Missouri BAS Type 3 
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Currently the cost of construction of Standard MoDOT approach slab is $ 230/ sq 
yard. This data is based on private communications of the Principle Investigator (in July 
2008) with Missouri DOT officials. The cost break up is shown later in Chapter 5. 
2.2 Approach Slab Details for Various States 
Data collected typically involved span, depth and area of reinforcement provided, top 
and bottom cover for the reinforcement and connection with the abutment. In general there 
are two types of slab-bridge connection details that are followed by DOTs. The first is called 
“Integral abutment” (I-A) connection in which the bridge longitudinal reinforcement is 
extended into the BAS to connect the approach slab to the abutment. In some cases it is done 
by providing dowel bars to connect the BAS to the abutment. The second type of connection 
is “Non-integral abutment” (Non I-A) in which the approach slab simply rests on the top of 
the bridge abutment. (Hoppe 1999) reported that 71% of the state DOTs practice integral 
abutment by using mechanical connector between the approach slab and the bridge. Keeping 
this in mind, the collected data was classified based on both Integral abutment (I-A) and non 
integral abutment (non I-A) slabs as shown in Table 2-1 and Table 2-2. Some of the States’ 
BAS does not provide top reinforcement. It was found that I-A slabs have been practiced 
more than non I-A slabs in the United States.  
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Table 2-1 Approach slab with integral abutment 
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Table 2-2 Approach slab with non-integral abutment 
 
 
2.3 Classification of Bridge Approach Slab Details 
Every US state follows different span, slab thickness and area of steel.  From the 
states data gathered, it is observed that spans are varied from 10’ to 33’ and depth is varied 
from 8” to 17” for BAS.  Design moment capacity (assuming singly reinforced sections) of 
each state DOT slab can be calculated as the geometric parameters and amount of steel 
16 
 
provided for each slab is known. The design moment capacity of a reinforced concrete 
approach slab can be calculated as shown in Figure 2-4. 
 
Figure 2-4: Singly reinforced moment capacity for Missouri BAS 
 
Classification based on span, depth and moment capacities is done to see if they follow any 
trend.  
a) Figure 2-5 shows bar chart of states and their respective span in feet. It can be seen that 
spans are varied from 10’ to 33’. It has been observed that 37% of the state DOTs 
practice approach slabs with span of 20’. 
b)  Figure 2-6 shows bar chart of states and corresponding depth in inches. It can be seen 
that depth is varied from 8” to 17” for BAS.  It has been observed that 33% of the state 
DOTs practice approach slabs with depth of 12”.  
c) The design moment capacities of existing slabs used in other states DOTs have been 
computed and data has been sorted based on design moment capacity as shown in Figure 
2-7. The design moment capacity of Standard Missouri Bridge Approach slab was found 
to be 69 ft kips/ft and 35.5 ft kips/ft for modified bridge approach slab.
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Figure 2-5: States’ data sorted by span of BAS 
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Figure 2-6: States’ data sorted by depth of BAS 
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Figure 2-7: States’ data sorted by design moment capacity of BAS 
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From the data collected it is observed that there have been many variations in 
approach slab dimensions practiced by US states thereby varying the moment capacities. 
The next task was to find the best practice within the data gathered. To achieve this, the 
problems faced by all the BAS practiced by US states and their performance in a long run 
was required. A survey study provided us an idea about the performance of the BAS. 
Chapter 3 talks about the survey conducted for the performance study of each slab.  
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CHAPTER 3  
PERFORMANCE SURVEY STUDY OF BAS OF VARIOUS STATES 
 
This chapter outlines the details of a survey instrument developed and distributed to 
various DOTs in order to assess the performance of approach slabs in their region. The 
responses are classified and presented in this chapter. The questionnaire was limited to six 
basic questions. The survey questionnaire was sent via email to the state DOT contacts listed 
in Appendix A-1. The reason for making the questions of the survey simple and brief was to 
increase the response rate.  
3.1 Survey Instrument and Responses 
The six basic questions that were asked in the survey were as follows- 
1. Do you face frequent problems with Bridge Approach Slabs in your state? If yes, how 
would you categorize the approach slab problem in your state? 
2. What types of major failures do you see with the approach slabs? (A major failure is one 
which would require the replacement of the slab and or extensive mud jacking work to 
be performed). 
3. What type of minor failures do you see with approach slabs? (A minor failure is one 
where the DOT maintenance personnel would be able to fix the problem). 
4. Are you satisfied with the current design or are you planning to change it? 
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5. Do you always specify special backfill for all approach slabs? Or do you have certain 
minor routes where no special backfill is specified and that you see a greater number of 
approach slab failure problems under those conditions. 
6. Any other thoughts on this problem that you would like to share. 
Twenty state DOTs responded to the above questions. The detailed responses to the six 
questions are presented in Appendix A-1 along with the contact details for DOT’s personnel. 
The responses have been synthesized and are presented below first classified on a state wise 
basis and then based on the questions asked. 
3.2 Survey Analysis Based on States Responses 
Alaska- Due to the relatively new history of approach slabs in Alaska, no major or minor 
failures have been reported to date of the survey. The only major issues with them are the 
cost and the hassle of placing them in a relatively short construction season due to the 
weather. To solve the weather related issue, Alaska DOT has considered using precast 
concrete instead of cast-in-place. Due to their cost, Alaska DOT has considered removing 
approach slabs all together, as not too much benefit is observed. Instead, they considered the 
option of regrading/repaving every few years. 
Arizona- No major failures except for some settlement and cracking in a few very old slabs, 
and minor local deterioration and cracking. The Arizona DOT always specifies a special 
backfill, and they are generally pleased with their design. 
Arkansas- No frequent major failures have been experienced. Major failures experienced 
were movements requiring mud jacking, possibly due to water getting underneath the slab. 
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They have done slab jacking with polyurethane.  Minor settlement at the end of the bridge 
has been experienced, requiring sealing or patching spalls with rapid set concrete. Typically, 
no backfill is specified, and the Arkansas DOT is pleased with their current design. 
Florida- The use of approach slabs is not frequent, but problems that may arise from them 
are settlement or displacement away from backwall. Minor problems include cracking or 
spalling of concrete, or erosion along the edge of the approach slab. Florida DOT uses the 
same standards for all bridges, and they are pleased with the design. 
Illinois- Occasionally, Illinois DOT encounters major failures near the interface of the 
approach seat on the abutments. Also, an occasional minor problem that is encountered is 
cracking of the approach slab during the curing of concrete in integral abutments. The 
Illinois DOT is satisfied with the design as it is designed as a 30-foot span, able to span 
possible voids if the backfill were to settle. Uncompacted, porous, granular material is used 
for integral abutments, while porous granular embankments are used for pile supported or 
open abutments. The Illinois DOT finds drainage at the back of the abutment important in 
approach slab designs. 
Indiana- Frequent problems have been faced with approach slabs, mostly found on bridges 
with integral end bents. Major failures include backfill settlement due to temperature 
induced expansion and contraction. Minor problems include cracking. Special backfill is 
always required, and the Florida DOT is currently looking into the problem with integral 
structures from both a structural and geotechnical aspect, with possible design changes. 
Iowa- Frequent significant problems have occurred, including failure of paving notch, 
failure at the end of the approach that rests on the paving notch, settlement of the slab, and 
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large cracks in the approach slab panel. A minor problem that has occurred is the 
development of voids adjacent to the abutment underneath the slab. A special backfill is 
always required, and the Iowa DOT recently changed their design of approach slabs. 
Kansas- Frequent problems have occurred, ranging from moderate to severe. Major 
problems include differential settlement, expansion joint problems, aggregate material 
problems (D-cracking), and fill material problems (expansive soils). Minor problems include 
early expansion joint problems, concrete surface spalls, and cracks. A special backfill is 
always required, and the current design has proven to be more successful than previous 
designs.  
Minnesota- The only significant problem Minnesota DOT faces is maintaining the joint at 
the end of the approach panel. Extensive cracking or settlements are the main causes of 
occasional major failures, while minor problems seem to be due to inadequate drainage. The 
DOT uses the same backfill for all approach slabs, and they are currently updating their 
current standards. 
Mississippi-The DOT faces frequent problems with their approach slab. Major problems 
include settlement issues, while minor problems include cracking and small potholes. The 
DOT does not specifiy a backfill, and they are currently looking to redesign their approach 
slabs by decreasing the elevation by 2-inches and placing hot mix asphalt. 
Montana- Montana does not usually use approach slabs. 
Nebraska- No frequent major failures have been experienced, but frequent minor cracking 
has occurred that has been remedied by increasing the amount of reinforcing steel. The DOT 
 25 
 
specifies granular backfill underneath all approach and paving sections, and is pleased with 
the current design. 
“Our approach slabs consist of a 20 ft. approach section and a 30 ft. paving section.  
We place grade beams on piles 20 ft. away from the abutments.  We also locate our 
expansion joints at the grade beams.  The approach section is supported by this grade beam 
and at the abutment, therefore acting as a simple span member.  One end of the paving 
section bears on the grade beam and the other end on the roadway embankment.  This design 
has worked very well for us for many years and provides a relatively smooth ride on and off 
the bridge.” 
New Mexico- Frequently face minor to moderate problems with severe settlement of 
approach embankment, minor joint failures, and minor settlements. Severe settlement 
failures were mitigated by changing backfill requirements and preconsolidating the soil (pre-
construction), while minor settlement was remedied by an asphalt overlay for a smoother 
surface. For major roadways, backfills, flowable fills, or preconsolidation (if necessary) are 
specified. For minor roadways, A-1-a material at 100% Proctor is specified.  
North Carolina- Face problems with an estimated 2% of the bridges. Settlement is the most 
common problem requiring mud jacking but has never been a structural problem requiring 
replacing tough. Minor problems include failure of joint between approach slab and 
structure and few concrete surface spalls. The subgrade preparation has been changed, but 
no structural changes have been adopted. Special backfill is always required, with geofabrics 
included in heavily travelled primary routes.  
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Oklahoma- Frequent problems have been faced with approach slabs, including major 
settlement and cracking issues and minor settlement and shrinkage cracking along with a 
small bump at the end of the bridge. A special backfill is always specified, but the DOT is 
looking to using flowable fill instead of granular backfill with integral abutment design.  
Pennsylvania- Pennsylvania DOT does not face problems with their approach slabs, and 
they do not require any maintenance. They always specify a free draining backfill, and they 
are pleased with their current design. 
South Carolina- Face frequent minor to moderate problems. Major problems occur due to 
extensive voids underneath the slab. Minor problems include approach slab movements. A 
special backfill is not always specified, and the DOT is satisfied with their design. 
South Dakota- Frequent problems have been faced with approach slabs, mostly due to 
embankment and/or backfill settlement below the slab. Other major issues include: joint 
failures, settlement of slab and/or supporting sleeper slab, and deterioration of ride quality 
due to poor roadway profile. Minor settlement, neoprene gland tearing or pulling out, and 
steel extrusion anchorage failures are some of the minor failures experienced. Special 
backfill is always required, but has not proven to have a significant impact on failures.  
Tennessee- Problems arise occasionally, but not frequently. Failures arise either from 
settlement due to lack of proper embankment compaction or from subsidence of ground 
under the embankment, with the degree of settlement defining whether the problem as minor 
or major. A special backfill is always specified, and the Tennessee DOT is pleased with the 
design. 
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Virginia- Virginia DOT faces frequent major problems with settlement issues due to lack of 
compact of approach slab. Minor problems include settlement issues that can be solved by 
additional asphalt. The DOT recently started requiring select backfill material to be used 
behind abutments, and they have not had enough time to determine whether or not the 
design is appropriate. 
 
3.3 Survey Analysis Bases on Performance Metrics 
Summary for the states DOTs responses as per the questions are given below.  
Que. 1) Do you face frequent problems with Bridge Approach Slabs in your state? If 
yes, how would you categorize the approach slab problem in your state? 
Most states reported minor and occasional problems. Minor problems include minor 
cracking and minor settlement. Only two states namely Indiana and Kansas reported 
moderate to severe failure. Mississippi reported it as a common problem. 
Que. 2) What types of major failures do you see with the approach slabs? (A major 
failure is one which would require the replacement of the slab and or extensive mud 
jacking work to be performed). 
Types of major failure reported were as follows 
a) Severe settlement of approach roadway embankment. 
b) Slab failure near the interface with the approach seat on bridge abutment. 
c) Severe settlement requiring mudjacking. 
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d) Cyclic temperature induced to expansion and contraction of bridge causing 
settlement of backfill under approach slab. 
e) Joint failure and settlement of sleeper slab. 
f) Differential settlement.  
g) Aggregate problems causing D-cracking. 
h) Iowa reported severe cracks in approach slab panels. 
Que. 3) What type of minor failures do you see with approach slabs? (A minor failure 
is one where the DOT maintenance personnel would be able to fix the problem). 
Types of minor failure reported were as follows 
a) Minor settlement and minor cracking/ spalling of concrete. 
b) Cracking near the abutment due to bridge movement during slab construction. 
c) Small bump at end of the bridge. 
Que. 4) Are you satisfied with the current design or are you planning to change it? 
Various states have made the following changes 
a) Change the backfill requirement. 
b) Most states have reported no changes in the design. 
c) Use of flowable fill. 
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Que. 5) Do you always specify special backfill for all approach slabs? Or do you have 
certain minor routes where no special backfill is specified and that you see a greater 
number of approach slab failure problems under those conditions? 
Many states have replaced requiring special backfill as detailed below 
a) Special flowable fill with preconsolidation 
b) Uncompacted porous granular backfill. 
c) Backfill material reinforced with geofabrics. 
3.4 Summary  
The key findings are as follows. 
1. Out of the 20 responses, Montana is the only state that does not use Bridge Approach slab 
routinely. 
2. Out of 19 states that use BAS routinely, 8 (42%) states face frequent problems with BAS. 
3. Out of 19 states that use BAS routinely, 12 (63%) states report cracking problem. 
4. Out of 12 states who report cracking, 10 (83%) states reported minor cracking and 2 
(17%) reported extensive cracking. 
5. Out of total 19 states, 15 (79%) reported embankment settlement issues. 
6. Out of total 19 states, 15 (79%) provides special backfill material. 
7. Out of total 19 states, 13 (68%) are satisfied with their current design.  
 
 
 30 
 
CHAPTER 4  
SITE VISITS 
A number of site visits were conducted during the term of the project in order to study 
defective approach slabs and also to observe the construction of new approach slabs. The 
observations pertaining to the new approach slabs were necessary to study the existing 
process prior to making any recommendation for changes. This chapter presents the 
observations pertaining to approach slabs with cracking and other issues and new 
construction.  
 Seven bridge approach slabs in Missouri were inspected out of which two of them 
were under construction while the remaining five were defective approach slabs in Kansas 
City and other parts of Missouri.  
4.1 Site Visits Conducted 
The Approach slabs with possible issues were identified by MoDOT engineers. A 
basic checklist was developed to note down the slab performance. The checklist with the 
observations pertaining to each of the existing slabs is described  in Table 4-1. Salient 
pictures taken during the site visits are shown in Appendix A-2. 
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Table 4-1 Checklist for site observations 
Cracking on top of the slab due to uneven settlement 
BRIDGE  OBSERVATIONS 
MO-71 south Kansas City Yes, Triangular area of the slab which was cracked and 
settled down about 6 inches or so 
65 south end No 
Lynn County Yes 
Schuyler County Yes, Major cracks were observed. 
Randolph slab No 
Cracking near bridge end due to BAS settlement at other end 
MO-71 south Kansas City A clear trough – dip – which is perceptible to the rider 
about 10 feet after the bridge 
65 south end None 
Lynn County None at south end. Major cracking at north end. 
Schuyler County Yes, transverse cracks at both south and north ends were 
observed. 
Randolph slab None 
Approach slab rotating at the bridge end 
MO-71 south Kansas City None 
65 south end None 
Lynn County None 
Schuyler County None 
Randolph slab None 
Bump at end of Bridge Approach Slab 
MO-71 south Kansas City Yes 
65 south end Yes 
Lynn County Yes about 1” at south end and ½” at north end. 
Schuyler County None 
Randolph slab None 
Soil Erosion 
MO-71 south Kansas City None 
65 south end Yes 
Lynn County None 
Schuyler County Yes 
Randolph slab Yes 
Separation between BAS and roadway approach and/or embankment 
MO-71 south Kansas City None. Improper drainage along the slab sides in one of 
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them. The drainage trough was broken in three places 
and hence the water was draining directly to the ground 
rather than to the drain holes. This could be causing 
further erosion of the embankment. 
65 south end None 
Lynn County None 
Schuyler County None 
Randolph slab None 
Any grouted precast holes placed during construction to determine if mudjacked 
in past 
MO-71 south Kansas City None 
65 south end None 
Lynn County Yes. The slabs have been mudjacked in the past and the 
grout holes sealed water tight 
Schuyler County None 
Randolph slab None 
 
4.2 Summary of the Site Visits 
From the site visit observations one bridge slab (US 71-Kansas City) had extensive 
cracking and settlement issues. Deep triangular cracks were observed at this site. The bump 
at the end of bridge was also evident with over one inch of difference between the riding 
surfaces of the BAS and the bridge deck. Other observations at this site included damage to 
erosion control structures such at the outlet drain which had resulted in erosion of the 
embankment. No major defects were observed at the US 65 bridge site. Minor transverse 
cracking was observed. At the Lynn county site differential settlement in the order of ½ - 1 
inch between the BAS and the bridge deck and major transverse cracking were observed. 
Soil erosion of 6-8 inches underneath the slab near the abutment end was also observed.  
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In conclusion, the major defects observed were a) bump at the end of the bridge b) 
major transverse cracking c) pockets of cracked slabs and d) erosion of soil near the 
abutment end.  
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CHAPTER 5  
COST ANALYSIS FOR BRIDGE APPROACH SLABS 
This chapter presents details of a cost study pertaining to the primary objective of the 
overall research, which is to provide cost effective solutions for new cast in place (CIP) 
bridge approach slabs in Missouri. The current – 2009/2010 -cost of construction of 
Missouri standard BAS is approximately $230 per square yard. The best design of BAS 
would be the one with lower cost of construction and better performance in a long run.  
In order to perform this task a detailed MS Excel sheet based analysis was performed 
using extensive input from MoDOT and validated for MO slabs. The geometric and 
reinforcement data from other US states were then inputted to this spreadsheet to compute 
the cost of slabs from other states. Subsequently cost comparison of slabs used in other 
states was performed and presented. Analysis was performed based on slab spans and depths 
in order to find a trend. Results from this analysis are presented in this chapter.  
Based on the results of a cost analysis and discussions with the Technical Activities 
Panel of MoDOT a few slabs, which were substantially lower in cost compared to the 
current Missouri slab were selected for further analysis and structural design. The 
performance survey presented in chapter 3 is also summarized in this chapter based on states 
with costs lower than the current Missouri BAS. The results of this chapter form the basis of 
the analytical studies and design presented in subsequent chapters.  
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Objectives of the Cost Study: A cost study was performed in order to determine the least 
cost slab design. The objectives of the cost were two fold. 
Objective 1: Perform a cost analysis from the data of slabs obtained from all the 
states and compare the cost of construction based on the costing method that MoDOT adopts 
and also the rates that MoDOT uses for all the approach slab items. 
Objective 2: Perform a cost analysis based on a rational design procedure (RDP) 
developed using the three design approaches, namely ASD, LFD and LRFD which will be 
covered in Chapter 6. 
 
Scope and Tasks of the Cost Study: 
The scope of the first objective is outlined below. 
In order to compare the cost of construction for the designs adopted by various states the 
following tasks were performed: 
1. Study Task detail report provided by MoDOT for standard BAS.  
2. Develop basic calculations in Excel program for cost estimation.  
3. Develop a Microsoft Excel spreadsheet to calculate cost data for each state. The detailed 
cost calculations are shown from Figure 5-2 to Figure 5-6. The variables for each state 
were the four pay items (shown in Appendix A-3) outlined in the MoDOT procedure. 
4. The cost calculation was broken down into sub-items variables like labor, equipment and 
material supplies to incorporate the effect of the geometry on the quantity.  
5. Draw a bar chart of the cost of construction (total cost) for each state and compare. 
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6. From the bar chart, identify the states that have built approach slabs at costs lesser than 
MoDOT and contact them personally again to see if there are any major issues with the 
performance. 
7. Create a table showing states whose cost is lower than the Missouri BAS 
8. Look for lower cost alternative designs based on the information and results generated 
from this objective. 
 
5.1 Development of the Excel Sheet for Missouri Cost Pay Items 
A Task Detail Report forwarded by MODOT consists of a pay item summary for two 
typical bridge approach slabs. A copy of one of the original task detail reports is enclosed in 
Appendix A-3. The cost calculations are shown in form of total cost of construction. The 
total cost is broken down into four tasks for payment purposes. 
1) Prepare Base for Approach Slab. Figure 5-2 shows calculation for base preparation cost  
2) Formwork of Approach Slab. Figure 5-3 shows cost calculation for formwork of BAS 
3) Approach Slab Steel. Figure 5-4 shows cost calculation for BAS reinforcement 
4) Approach Slab Concrete. Figure 5-5 shows cost calculation for BAS concrete. 
It should be noted that a sleeper slab is not included in the pay item. The sub items like 
labor, equipment and material supplies have been included in the calculations in order to 
account for change in geometry. For example material supply and labor for an approach slab 
with span 30 feet would be greater than an approach slab of 10 feet span. It will take more 
time to cast this slab too. As per the task detail report the typical cost calculation for a 
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standard MoDOT BAS is as shown in Figure 5-2 to Figure 5-6. The width of slab is 
considered as 38 feet as per MoDOT’s recommendation.  
Observations: As per the calculation shown, the total cost for 25 feet span, 12 inch depth and 
38 feet wide slab is $ 55,316. The cost break up as per the task is shown in Figure 5-1 and it 
is observed that 37% of the total construction cost is due to approach slab reinforcement. 
The cost break up for labor, equipment and material used is shown in Figure 5-6 and it is 
observed that 50% of the total task cost is due to material used. Once the cost estimation for 
the MoDOT standard BAS was completed, the cost for all other US states’ BAS can be 
calculated by simply following the procedure used as shown in Figure 5-2 to Figure 5-6. 
Another Excel worksheet was developed to simplify the procedure to show the results of all 
the calculations of all the states in one worksheet. The results are shown in Table 5-1 and 
Table 5-2. They show total construction cost calculated for 40 US states’ BAS with their 
design moment capacity calculated as discussed in Chapter 2. 
 
Figure 5-1: Construction cost Break-up 
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Figure 5-2: Cost estimation for Base preparation of BAS 
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Figure 5-3: Cost estimation for formwork of BAS 
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Figure 5-4: Cost estimation for reinforcement of BAS 
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Figure 5-5: Cost estimation for concrete pour 
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Figure 5-6: Total cost for BAS
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Table 5-1 States Cost based on Missouri pay item report provided by MoDOT-1 
*Values shaded have been assumed due to lack of details 
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Table 5-2 States Cost based on Missouri pay item report provided by MoDOT-2 
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"@ B "@ ,e '.C 22522.68 21 61.43 3704.74 30472.31 67984.63 122.93 
54 Illinois ;c 
" " 
"@ ; "@ ~ "@ 
" 
" @ u '.C 24764.56 2161.43 3704.74 28831.28 68678.61 115.27 
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5.2 Analysis of Various States BAS Costs Based on Missouri Costs 
The data shown in Table 5-1 and 5-2 was sorted by total construction cost and 
presented in bar chart format as shown in Figure 5-7. It should be noted that the cost 
calculation presented here is based on item rates that MoDOT uses in order to compare costs  
of various states’ BAS. The total construction cost for Missouri standard BAS was found to 
be $55,316.45 and that for modified Missouri BAS as $45,336. The modified MoBAS is 
cheaper than the Standard MoBAS because it consists of a lower percentage of 
reinforcement provided than the standard MoBAS. 
There have been many states’ BAS with lower construction cost than MoDOT BAS. 
The states that do not provide shrinkage reinforcement in BAS have been ignored. The cost 
data then further sorted by BAS depth and span and presented in bar chart format as shown 
in Figure 5-8. It was observed that most of the states’  whose costs were lower than that of 
Missouri are of 20 feet span with 12 in depth. The cost pattern shown in Figure 5-8 was 
observed and the states with cost lower than MoDOT standard BAS were shortlisted. Based 
on this observation it was decided to focus on slabs with a span of 20 feet span and 12 inch 
depth. 
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Figure 5-7: States Cost based on Missouri pay item report provided by MoDOT 
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Figure 5-8: States Cost based on Missouri pay item report provided by MoDOT 
 
L= Span of approach slab in ft 
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5.3 Analysis of Results and Conclusion 
The main objective of this research was to provide alternate structural solution that can 
reduce cost of construction of new approach slabs. The extensive cost study presented in this 
chapter provides the overall picture about the construction cost of various Bridge Approach 
Slabs practiced by US states. BAS with construction cost lower than that of MoDOT BAS 
and with satisfactory geometric properties have been shortlisted and presented in the Table 
5-3. It presents the type of slab abutment connection, geometric parameters, total 
construction cost, design moment capacity considering singly reinforced section and the 
reinforcement provided for each slab under consideration. 
Shortlist and Cost Study Conclusion- 
Table 5-3 presents a short list of states whose approach slabs met the span, depth and 
cost criteria. The states whose cost is lower than the cost of standard Missouri approach slab 
are tabulated in Table 5-4. It should be noted that the costs calculated are based on Missouri 
pay item rates as discussed before.  
The research team considered the Idaho slab details to be satisfactory from a total 
construction cost point of view. Results of this study were presented and discussed with the 
TAP officials of MoDOT. The structural design of the selected BAS is then studied in detail 
in Chapter 6 and 7. Design of BAS with different span and depth needs to be checked and 
analyzed. The design methods are discussed in Chapter 6. 
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Table 5-3 Criteria Defined Options 
 
Table 5-4 List of states with costs lower than MoDOT slabs and key problems faced 
State Problems faced 
Idaho Minor settlement was observed. 
Arkansas Don’t have frequent problems with BAS constructed with current 
design 
Oklahoma settlement issues – cracking 
Tennessee Settlement problem occurred from time to time. 
North 
Carolina 
Settlement was observed. 
.  
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CHAPTER 6  
COST OPTIMAL STRUCTURAL DESIGN   
This chapter presents the details for the design of a new cast in place bridge approach 
slab as per AASHTO design guidelines. Three different design approaches have been 
considered here namely the Allowable Stress Design (ASD), Load Factor Design (LFD) and 
the Load and Resistance Factor (LRFD) design. Span variations from 15 to 25 feet in 
increments of 2.5 feet have been considered along with a thickness variation of 12 to 16 
inches. The cost excel sheet developed and outlined in an earlier chapter has been used here 
to evaluate the costs associated with each design. Graphs have been shown to highlight this 
comparison. From the observations three span lengths namely 20 ft, 22.5 feet and 25 feet 
slabs have been shortlisted and compared in detail for final recommendation purposes. 
6.1 Background of Design 
The performance of approach slab depends on approach slab dimensions, steel 
reinforcement, use of a sleeper slab and type of connection between bridge and approach 
slab (White, Sritharan et al. 2005). An approach slab can be designed by different 
approaches.  Bridge approach slabs can be designed either as simply supported which span 
longitudinally or as a beam on elastic foundation. BAS can also be designed by modeling 
slab and soil with computer aided finite element programs. Designing BAS considering slab 
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on grade option can lead to unconservative design whereas designing BAS considering 
simply supported condition can lead to an uneconomical design. The correct method to 
choose can be critical.   
The American Association of State Highway and Transportation Officials (AASHTO 
and Design 1998) code does not provide any guidelines for designing an approach slab.  
AASHTO’s standard specification for highway bridges and Load and resistance factor 
design (LRFD)(AASHTO 2004) bridge design manual provides design specifications for a 
simply supported bridge deck designed to span  longitudinally. The design guidelines for the 
bridge deck can be adopted for the design of approach slab spanning longitudinally with 
simply supported condition. This method is simple, time saving and provides elegant 
solutions. It is assumed that embankment soil under the approach slab has been washed out 
and the approach slab must withstand to considerate amount of voids developed underneath 
the slab.  
6.2 AASHTO Specification (ASD, LFD, LRFD) 
 AASHTO provides loads and load combinations that can be used with either 
Allowable Stress Design method (ASD) or the Load Factor Design method (LFD). It 
provides allowable overstress values for using the ASD design approach. It includes load 
factors and coefficients to be used as multiplier in the various load combinations. These 
factors are given in Table 3.22.1A (AASHTO).  The loads considered for the design are 
restricted to dead load and live load in evaluation of cast in place (CIP) bridge approach 
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slabs. Creep and shrinkage loads are considered in case of prestressed or post-tensioned 
slabs.  
 AASHTO provides live load bending moment for one-way slab either reinforced 
parallel or normal to traffic. This provides an approximate approach to calculate the moment 
for service load level like in ASD. This moment value must be multiplied by the appropriate 
live load factor if the LFD method is used. The live load bending moment (LLM) per foot of 
width without impact load for slab spanning longitudinally is calculated as 
LLM  900  S 
Where S is span of the Approach span in feet.  
 Impact for bending members is considered as 30 percent for span less than 45 feet. In 
short the moment should be increased by 30 percent for any length less than 45 feet in order 
to account for impact load. The area for main steel reinforcement is then calculated as per 
ASD. The amount of distribution steel reinforcement should be calculated as a percentage of 
the main steel reinforcement area as given below. 
percentage  100√S  
The amount of distribution reinforcement is limited to 50 percent. 
 AASHTO also requires a minimum design value of either 1.2 times the cracking moment or 
one-third more steel than required by analysis.  
 
 
 53 
 
6.3 Design Procedure (LRFD) 
 
The AASHTO LRFD Specifications:  The LRFD specifications provides load and 
resistance factors (γ and φ, respectively). Load combinations are defined as a series of 
combinations for strength, serviceability limit state as per  AASHTO Table 3.4.1-1. LRFD 
approach can be used to calculate the expected strength of BAS  using various combinations 
of dead load, live load etc. The loads considered are as follows. 
DEAD LOAD 
The dead load includes the self weight of Bridge Approach Slab. In the absence of 
information, the unit weights specified in AASHTO table 1 may be used for dead loads. 
LIVE LOAD 
The live load can be considered as vehicular live load. The number of design lanes 
are determined by taking the integer part of the ratio w/12, where w is the clear roadway 
width of Bridge Approach Slab in feet between curbs. If the width of traffic lanes is less 
than 12 feet, the number of design lanes will be equal to the number of traffic lanes and the 
width of the design lane is taken as width of traffic lane. The vehicular live load considered 
consists of a combination of the design truck or design tandem and design lane load. The 
loads are assumed to occupy 10 feet transversely within a design lane.  
a) DESIGN TRUCK - The design truck considered here is HS 20-44 consisting of three 
axles and as shown in Figure 6-1.  The wheels are 6 feet apart in the lateral direction.  
b) DESIGN TANDEM - The design tandem consists of a pair of 25 kip axles spaced 4 
feet apart. The transverse spacing of wheels is 6 feet.   
  
c) DESIGN LANE LOAD
uniformly distributed in the longitudinal direction. The design lane load is distributed 
transversely over a 10 feet width
not be subjected to a dynamic 
load. 
Figure 6-1: Characteristics of design truck
 
 
Loading Condition and Load Location
 The maximum load effect shall be taken as the larger of the a) design tandem 
with design lane load and b) design truck with the variable axle spacing combined with the 
design lane load. The axles that do not co
shall be neglected. The design truck and the design tandem load are positioned to produce 
extreme force effects. It is obvious 
a time for considered length of 25 feet
kip. Table 6-1 shows the maximum moment values in ft
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 - The design lane load consists of 0.64 kips per linear foot
. The force effects from the design lane load shall 
load allowance unlike the design truck and tandem 
 (AASHTO 2004
:  
ntribute to the maximum effect under consideration 
that there will only be two axles traversing on the slab at 
. We should consider two axles with point load of 32 
-kips under the first axle for 
 
 
) 
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different axle locations and it can be seen that maximum moment is achieved when the axle 
and tandem location are as shown in Figure 6-2.  In this case the tandem load case will 
govern the design. 
 
Figure 6-2: Critical tandem load location for 25 feet span of slab 
 
 
At any given time, it is unlikely that both lane loads and truck loads would be present 
simultaneously for the span being considered here. Hence it is recommended that the lane 
load be excluded from consideration for the design of the approach slab.   
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Table 6-1 Moment table for various load locations 
Tandem load Truck load 
L' y' P (kips) L' y' P (kips) 
25 4 25 25 14 32 
x' 
Rb 
(k) 
Ra 
(k) 
Mmax 
ft-kips x' 
Rb 
(k) 
Ra 
(k) 
Mmax 
ft-kips 
0 4 46 0 0 17.92 46.08 0 
1 6 44 44 1 20.48 43.52 43.52 
2 8 42 84 2 23.04 40.96 81.92 
3 10 40 120 3 25.6 38.4 115.2 
4 12 38 152 4 28.16 35.84 143.36 
5 14 36 180 5 30.72 33.28 166.4 
6 16 34 204 6 33.28 30.72 184.32 
7 18 32 224 7 35.84 28.16 197.12 
8 20 30 240 8 38.4 25.6 204.8 
9 22 28 252 8.5 39.68 24.32 206.72 
10 24 26 260 9 40.96 23.04 207.36 
11 26 24 264 10 43.52 20.48 204.8 
11.5 27 23 264.5 11 46.08 17.92 197.12 
12 28 22 264         
13 30 20 260         
14 32 18 252         
15 34 16 240         
16 36 14 224         
17 38 12 204         
18 40 10 180         
19 42 8 152         
20 44 6 120         
21 46 4 84         
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 The impact load is termed as dynamic load allowance in LRFD terminology and is 
taken as 33 percent constant.  For the design of a slab, LRFD specifies that the full truck 
load be applied to a slab of effective width (E)  
E  10  5.0L  W 
Where: 
E = equivalent width (in.). 
L1 = modified span length (ft.) but < 60 ft. 
W1 = modified edge-to-edge width (ft.) but < 30 ft. for a single lane 
 The approach slab designed for 12 feet lane width carries only one lane of traffic. 
The area for main reinforcement is calculated as per LRFD design.  The amount of 
distribution steel is provided as a percentage of the main reinforcement and is given by 
Percentage   √  50%    
The depth of the slab should not be less than 7 inches. The LRFD specification provides no 
minimum thickness for slabs as a function of their span. It is recommended that the 
AASHTO Standard Specification rule-of-thumb for slab thickness be used for approach 
slabs.  This is given by the formula: 
t = 1.2(S + 10)/30   
Where: 
t = slab thickness (ft) 
S = span (ft) 
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 Finally, AASHTO LRFD requires a minimum design value of either 1.2 times the 
cracking moment or one-third more steel than required by analysis. The calculation for 
design moment capacity is shown in Figure 6-3 and Figure 6-4. The standard BAS used by 
MoDOT is considered for the calculations. The calculations are done in MathCAD. 
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Figure 6-3: Design of Bridge Approach Slab page 1 
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Figure 6-4: Design of Bridge Approach Slab page 2 
 
b) Tandem load 
Tandem load consisting two 25 kips point loads with a spacing of 4 ft 
considering Impact factor of 1.33 
1.33· 25 
P := = 3.108 
E 
kips 
p p 
, 
b 
.. t .i 
1 1/2 
a J't% .. 
Rb 
a := (~) - 1 = 115 ~:=(~)-3=95 
Maximum moment can be calculated when the first point load is placed at 11.5' from 
the left support. 
[po b + P.(b + 4) + Wla· L2'05] 
Ra := = 3.61 
L 
kips 
2 MLL:= Ra·a - Wla·a '0.5 = 37.52 It kipslft 
LRFD Load combination for strength design 
Q= 1.25DC+1.75(LL+IM)(Tandom load) + 1.75 (Lane load) 
Mu := 125· Mdl + 175· MLL = 80.32 It kipslft 
Nominal moment strength 
~:= 12 in 
( 
AS'FY) 09 <j:>Mn:=As·Fy· d- ·-'-=69.28 
2'085.fc.b 12 
It kipslft 
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6.4 Inclusion of Costing Information in Design Selection 
As discussed earlier, every US states has its own design procedure for Bridge 
Approach Slab. An extensive set of data was generated as a result of the tasks performed in 
the cost study. The design of approach slab was incorporated into the costing function excel 
sheet to study the options for economical design. A cost analysis was performed for the 
designs using the three design approaches, namely ASD, LFD and LRFD.  In order to 
perform a cost comparison based on the rational design procedure the following tasks were 
performed. 
1. Use Microsoft Excel developed for the cost estimation. 
2. Perform hand calculations for structural design of approach slab using design 
procedures namely Allowable Stress Design (ASD), Load Factor Design (LFD), and 
Load and Resistance Factor Design (LRFD).  
3. Use Microsoft Excel developed for the three design methods mentioned above. 
4. Vary two parameters namely the depth of the slab and the span of the approach slab 
and design the required steel. The effective depth of the slab was varied from 12” to 
16” in increments of 1” and the span of the slab was varied from 15 ft to 25 ft in 
increments of 2.5 ft.  
5. Develop the cost bar charts for each design procedure and attempt to develop a cost 
effective design solution. The results for LRFD design are presented in the form of 
bar chart as shown in Figure 6-7. 
The data has been organized in the form of Excel tables and bar charts and is shown. The list 
of result tables are as follows 
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1. Cost based on Missouri pay item report for ASD procedure (Table 6.2) 
2. Cost based on Missouri pay item report for LFD procedure (Table 6.3) 
3. Cost based on Missouri pay item report for LRFD procedure (Table 6.4) 
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Table 6-2 Design of Bridge Approach slab by ASD approach 
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Table 6-3 Design of Bridge Approach Slab by LFD approach 
 
 
Approach slab 
Ao Dist Dist Temp. Temp. M" ",,1 " ",,1 ! ,,,,1 DL DL (lL +D 11 2Moe ft Design Dist fo' reqd steel steel shrinkage shrinkage Total cost 
" 
moment moment moment Moment steel 
reqd steel reqd steel prov ~' I ~' ~' I ~' , (ft-lop)/ft kip/ft I''''' % prov L' D' B' d' 12 ft-kip/ft ft-kip/ft ft-kip/ft in"/ft in"/ft in"/ft in"/ft in"/ft " " " " clear I .. m ' 
" 0 13 38 10 50 4 I 60 016' 451 Jj5 44 04 16 0 4404 100 26 0 21 026 028 029 6 5 14 5 I 5 13 2 0 
=ti 
" ,0 16 38 1110 4 I 60 0,200 5,63 155 454 1 24.3 454 1 I 0,18 26 0,25 0,20 OJ5 OJl 9 5 15 5 10 I 5 10 2, 0 39544 
15 13 38 IOjO 4 I 60 0,16) 6, 2048 52,54 16,0 52,54 24 0," 0," 0,28 0," 5 5 5 I 5 13 2, 0 
4it 
15 16 38 13.50 4 I 60 0,200 766 204 8 544 0 24J 5440 I 0,94 24 0,25 0, OJ 5 OJ l 5 15 5 10 I 5 10 2,0 43313 
20.0 12 38 9jO 4 60 0. 150 7jO 23AO 60j 5 13.7 60j5 1.62 22 03 7 036 0. 26 0. 27 8 5 5 10 5 14 5 14 2 0 47867 
20.0 13 38 10. 50 4 60 0.1 63 8.13 23AO 6136 16.0 6136 1A4 22 0 34 0. 32 0. 28 0.29 8 6 5 11 5 13 5 13 2 0 46838 
20,0 14 38 11.50 4 60 0,175 8,75 23AO 62,18 18,6 62,18 131 22 OJ 1 0,29 OJ O OJ 1 1 5 5 12 5 12 5 12 2,0 46855 
20,0 
" 
38 12jO 4 60 0,188 9,38 23 AO 62, 99 213 62, 99 1,21 22 0,27 0,27 0,32 0,34 1 5 5 14 5 11 5 11 2, 0 47540 
20.0 16 38 13. 50 4 60 0.200 1000 23.40 63.80 24.3 63.80 1.1 2 22 0.25 0.25 0. 35 0. 37 1 6 5 15 5 10 5 10 2 0 47138 
22.5 12 38 9.50 4 60 0,150 9A9 26,33 69A9 13.7 69A9 1. 91 21 OA 1 OAO 0,26 0,27 9 6 5 9 5 14 5 14 2,0 51880 
22 j 13 38 10 j O 4 60 0.1 63 10. 28 2633 70j 2 16.0 70j 2 1.69 21 03 7 03 6 0. 28 0. 29 8 5 5 10 5 13 5 13 2 0 51873 
22.5 14 38 1150 4 60 0 175 11. 07 26.33 7155 18.6 7155 153 21 0 34 0. 32 0. 30 0.31 8 6 5 11 5 12 5 12 2 0 50746 
22.5 15 38 12.50 4 60 0,188 11.87 26.33 72.58 213 72.58 1A1 21 0.3 1 0.30 0.32 0,34 1 5 5 12 5 11 5 11 2,0 5082 1 
22.5 16 38 13. 50 4 60 0,200 12, 66 26,33 73.60 24.3 73. 60 130 21 0,27 0,27 0,35 0,37 1 5 5 14 5 10 5 10 2, 0 51685 
~ 
25 0 14 38 150 4 I 60 
°i 1361 29 25 8128 186 8128 20 0 35 0 35 0 30 031 8 5 6 15 5 I 5 12 2 0 56068 lmt
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Table 6-4 Design of Bridge Approach Slab by LRFD approach 
 
HS 20 Truck load moment Tandom moment 
Approach slab Bottom Top Dlst Temp, Temp, Mamsteel Dlststeel 10 steel Trans steel DL (1L+ n Design A, Dist DistAs fe ' DL (1.25'DLH75L (Tandom+Lane (1.25'DLH75L l.2Mcr Asreqd steel shrinkage shrinkage 
Eq strip width (12'WINLYI2 k ~b! (k1£)=DL'D:12 moment(ft- momentft- L)ftbp,/ft l"d) lIbp,ft L)ftbp,ft ft-bp/ft Moment (m'/ft) prov steel prov reqd steelreqd steelprov dia ru, ru, ru, Totalcost $ L' D' B' d' " IapsYft Iaps/ft ft-Iaps/ft (m'ffi) range % u-?Ift s' s' s' s' E'=(84+ 144"qrt(L' ir?/ft ir?/ft ir?/ft # # # # 
WiY12 
15. 0 12 38 9.7 9.83 12.67 4 60 0.150 4.22 16.23 34 20.78 42 14 41.64 104 1.20 26 0.27 0.27 0.26 0.27 7 6 5 14 5 14 5 14 3848545 
150 13 38 107 983 1267 4 60 0163 457 1623 34 2078 42 16 4208 093 1.20 26 025 024 028 029 7 6 5 15 5 13 5 13 39034 79 
15.0 14 38 117 9.83 12.67 4 60 0.175 4.92 16.23 35 20.78 43 19 42.52 0.85 0.90 26 0.25 0.22 030 031 7 8 5 15 5 12 5 12 38484.05 
15. 0 15 38 12.7 9.83 12.67 4 60 0.188 5.27 16.23 35 20.78 43 21 42.96 0.79 0.80 26 0.25 0.20 032 0.34 7 9 5 15 5 11 5 11 3877359 
150 16 38 137 983 1267 4 60 0200 563 1623 35 2078 43 24 4340 073 080 26 025 019 035 037 7 9 5 15 5 10 5 10 3954390 
175 12 38 9.7 10.08 12.67 4 60 0.150 5.74 1794 39 24.16 49 14 4946 1.25 144 24 031 030 0.26 0.27 7 5 5 12 5 14 5 14 42306.50 
175 13 38 107 1008 1267 4 60 0163 622 17 94 39 2416 50 16 5006 113 120 24 029 027 028 029 7 6 5 13 5 13 5 13 4180728 
175 14 38 117 1008 12.67 4 60 0.175 670 17.94 40 24. 16 51 19 50.66 1.03 1.20 24 0.25 0.25 030 031 7 6 5 15 5 12 5 12 42434.51 
175 15 38 12.7 10.08 12.67 4 60 0.188 718 1794 40 24. 16 51 21 51.26 0.95 1.03 24 0.25 0.23 032 0.34 7 7 5 15 5 11 5 11 42426.17 
175 16 38 137 1008 1267 4 60 0200 766 1794 41 24 16 52 24 5186 088 090 24 025 021 035 037 7 8 5 15 5 10 5 10 4270240 
20.0 12 38 9.6 1033 12.67 4 60 0.150 750 20.59 45 29.20 60 14 6048 1. 59 1. 90 22 037 036 0.26 0.27 8 5 5 10 5 14 5 14 47866.50 
200 13 38 10 6 10 33 1267 4 60 01 63 8. 13 2059 46 2920 61 16 61.26 142 1. 58 22 034 032 028 029 8 6 5 11 5 13 5 13 4683786 
200 14 38 11 6 1033 1267 4 60 0175 875 2059 47 2920 62 19 6204 129 135 22 029 029 030 031 8 7 5 13 5 12 5 12 4623178 
20.0 15 38 12.7 1033 12.67 4 60 0.188 938 20.59 48 29.20 63 21 62.82 118 1.20 22 0.27 0.26 032 0.34 7 6 5 14 5 11 5 11 46249.61 
20.0 16 38 137 1033 12.67 4 60 0.200 10.00 20.59 49 29.20 64 24 6360 110 1.20 22 0.25 0.25 035 037 7 6 5 15 5 10 5 10 47m58 
22.5 12 38 9.6 10.50 12.67 4 60 0. 150 949 22.29 51 32.54 69 14 68.81 1. 86 1. 90 21 041 039 0.26 0.27 8 5 5 9 5 14 5 14 511 64.08 
22.5 13 38 10.6 10.50 12.67 4 60 0.163 10.28 22.29 52 32.54 70 16 69.80 1. 65 1. 90 21 037 035 0.28 0.29 8 5 5 10 5 13 5 13 5187262 
22.5 14 38 11.6 10.50 12.67 4 60 0.175 11.07 22.29 53 32.54 71 19 70.79 1. 50 1. 58 21 0.34 032 030 031 8 6 5 11 5 12 5 12 50746 08 
225 15 38 126 10 50 1267 4 60 0188 11 87 2229 54 3254 72 21 7177 138 158 21 029 029 032 034 8 6 5 13 5 11 5 11 5147821 
22.5 16 38 13.6 10.50 12.67 4 60 0.200 12.66 22.29 55 32.54 73 24 72.76 1.28 135 21 0.27 0.27 035 037 8 7 5 14 5 10 5 10 51114.58 
25 0 12 38 95 10 67 1267 4 60 0150 1172 2586 60 3752 80 14 8032 228 240 20 047 046 026 027 9 5 5 8 5 14 5 14 58096 18 
25.0 13 38 10.5 10.67 12.67 4 60 0.163 12.70 25.86 61 37.52 82 16 81. 54 201 240 20 041 040 0.28 0.29 9 5 5 9 5 13 5 13 58826.80 
25.0 14 38 11 .6 10.67 12.67 4 60 0.175 1167 25.86 62 37.52 83 19 82.76 179 1. 90 20 037 036 030 031 8 5 5 10 5 12 5 12 56 11 944 
25 0 15 38 126 1067 1267 4 60 01 88 1465 2586 64 3752 84 21 8398 164 190 20 034 033 032 034 8 5 5 11 5 11 5 11 57070 78 
25.0 16 38 136 10 67 12.67 4 60 0200 1563 2586 65 37.52 85 24 8520 1. 52 158 20 031 030 035 037 8 6 5 12 5 10 5 10 5599479 
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6.5 Analysis of Results and Conclusion 
The method of design explained in this chapter gives a simple and rational approach to 
design of approach slab using AASHTO LRFD bridge design specifications and also 
compares the results for ASD, LFD and LRFD design methods. The results obtained from 
the spreadsheet are presented in Figure 6-5 and Figure 6-6. The cost of construction as per 
the LRFD design method explained in the previous section is also compared and is shown in 
Figure 6-7.  
Observations: 
1. For a particular approach slab length and slab thickness, it can be seen from Figure 
6-5 and Figure 6-6  that  the LRFD approach consistently requires precisely the same 
steel as the LFD approach but the steel required by ASD varies significantly in 
relation to these two strength design approaches.  
2. When the cost of construction by LRFD approach was compared it was observed that 
a span 20 feet with 12” depth provides the cheaper design for the cost of 
construction. The BAS option with 20 feet span and 12” depth was considered for 
the numerical modeling and for further analysis.  
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Figure 6-5: Comparison for reinforcement required for ASD, LFD and LRFD design 
procedures for span of 25’ 
 
 
Figure 6-6: Comparison for reinforcement required for ASD, LFD and LRFD design 
procedures for span of 20’ 
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Figure 6-7: Cost comparison for BAS with different span 
 
Table 6-5 Comparison for moments 
 
 
 
Observations and Recommendation for further investigation: From the analyses 
performed using a simply supported slab cost analysis it is observed that a 20 ft span x 12 
inch thick slab would be a very economical slab to consider for further investigation. The 
projected cost from this study is approximately $47, 900 which is less than that calculated 
for currently used slab with 25 feet span and 12” thickness as per LRFD design computed at 
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$58,100  (Figure 6-7). This information had been presented to Missouri DOT officials in 
various meetings and is considered for slab on grade analysis presented in the next chapter. 
The design calculation performed in this chapter is assuming simply supported 
boundary conditions. The design moment and available design moment capacity for slabs 
considered for further analysis is shown in Table 6-5. We also have to consider the slab on 
grade situation for the detailed design and analysis considering various degrees of voids 
formation beneath the BAS. Analysis considering voids formation can be achieved by 
modeling the BAS in a computer analysis program and incorporating the soil supports 
beneath the BAS.  Chapter 7 explains the various models formation with different support 
condition.  
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CHAPTER 7  
APPROACH SLAB NUMERICAL MODELING 
This chapter presents the results and observations from the analyses of various 
numerical models of the bridge approach slab using SAP 2000 (Wilson and Habibullah 
1998). Two basic models of 25 feet span and 20 feet span were constructed. The models 
were constructed in order to determine the design moments. Soil support conditions under 
the slab were considered by using elastic springs. Analyses were performed for full slab on 
grade condition to void formation up to 25% of the span from the abutment end. Results 
from these analyses are used further for design recommendations. 
A typical approach slab model would be a slab supported on the abutment at one end 
and a sleeper slab/beam at the pavement end. The abutment end would be a rigid structure 
compared to the pavement end. (Cai, Shi et al. 2005). Designing the approach slab as a 
simply supported beam between the abutment and pavement is very conservative and 
uneconomical. AASHTO code provisions do not provide any guidelines for designing 
approach slabs. Figure 7.1 shows schematic representation of standard bridge approach slab 
for MoDOT. The sleeper slab is used to prevent settlement beneath the pavement end of 
approach slab. The geometry for modeling was taken from the MoDOT standard bridge 
approach slab drawing that is available on the MoDOT Bridge standards website, 
 http://www.modot.mo.gov/business/standard_drawings2/documents/apn6_sq_n.pdf 
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7.1 Model Matrix 
Typical Detail of Bridge Approach Slab - The standard Bridge Approach Slab for 
Missouri Department of Transportation has span of 25 feet and depth of 12”.. It is noted that 
the width is generally 38 feet. Figure 7-1 shows the reinforcement details of the MoDOT 
bridge approach slab which are: Bottom main steel- # 8 @ 5” c/c, bottom distribution steel- 
#6 @ 15” c/c, top longitudinal steel- #7 @ 12”c/c and top transverse steel- #4 @ 18” c/c.  
 
Figure 7-1: Schematic view of MoDOT Bridge approach slab arrangement 
 
A matrix of various models considering different boundary conditions and support 
options was developed to incorporate the effect of voids development below the approach 
slab. Springs were used to simulate the soil conditions and voids underneath the BAS were 
modeled by selectively removing springs in specified locations. A matrix of cases with 
variations in slab depth, span, boundary and soil condition, and loading were analyzed. The 
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different options representing the above conditions are described below followed by a table 
of the matrix itself. 
Slab width and Span: As discussed in Chapter 5, Idaho slab seemed to be a good 
choice for this project from the cost analysis. The performance of this slab can be compared 
to the two types of MoDOT slabs currently being used by modeling and analyzing the 
results. Both 20 feet and 25 feet slabs for new cast in place approach slabs have been 
analyzed using SAP 2000 (Wilson and Habibullah 1998). The analysis has been performed 
using a 38 feet wide slab. The slab width was selected based on communication with 
MoDOT officials.  
Slab Boundary and Soil Conditions: In this project the slabs have been analyzed as 
either simply supported slabs or with a slab on grade condition applied under the slab. 
Washout conditions under the slab near the abutment end have been considered for 15% 
span washout and 25 % span washout. No sleeper slab condition with full slab on grade 
support has been considered as this represent the current Missouri modified approach slab. 
In order to consider soil conditions, a very poor soil condition is assumed under the slab 
with a soil sub grade modulus of 18.4 lb/in3. Since the elements of the slab in the finite 
element program are 1 ft x 1 ft the sub grade modulus corresponds to a spring stiffness of
318.4 12 12 2,649.6 220.8
lb lb lbin in
in ftin × × = = . 
Notation: The notation for model files used is:  BAS-span-thickness of slab-soil 
condition- span of soil support-soil stiffness. For example BAS-25-12-ES-18.75-18.4 stands 
for a 25 feet span, 12 inch thickness; elastic springs over18.75 ft with 18.4 lb/in3 shown as 
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picture in the Table 7.1. The soil considered here is a very poor soil. NS stands for no 
sleeper slab condition.  
The list of model cases for the three types of slabs named as standard Missouri, 
Missouri Modified and Idaho BAS for the analysis of the cast in place slabs are shown in 
Table 7-1. The moments obtained from the three sets will be compared later in this chapter. 
The basic configuration for the five cases used in three sets of matrix models is described 
below. 
• Case 1: Simply supported Bridge Approach Slab i.e. pinned at both ends and spanning 
longitudinally. 
• Case 2: Slab on grade with no voids under the slab (elastic springs over entire span). 
• Case 3: Slab on grade with 15% void development near the abutment end of BAS 
(elastic springs are modeled over 85% of the BAS span). 
• Case 4: Slab on grade with 25% void development underneath abutment end of BAS 
(elastic springs are modeled over 75% of the BAS span). 
•  Case 5: Slab on grade with no sleeper slab and pinned at the abutment end 
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Table 7-1 Model Matrix 
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7.2 Model Details 
Model Generation 
The computer program that was used to model Bridge Approach slab was SAP 2000 
advanced V12.0.1. (Wilson and Habibullah 1998). SAP models were developed to study the 
effect of span, and reinforcement changes along with the effect of voids underneath the 
BAS. A 3D finite element model was developed, as shown in Figure 7-2, where four-node 
shell elements were used to form the finite element mesh as shown in Figure 7-3. The mesh 
size used in the model was of size 12 inches x 12 inches. The total number of nodes and 
shell elements in set one and set two are 1014 and 950 respectively. The total number of 
nodes and elements in set three are 819 and 760 respectively. The elements used in the 
model are shell elements with defined layers of reinforcement as shown in Table 7-2. The 
distance from centre of each layer to the centre of the cross section and its thickness are 
calculated. These values are used in defining shell area reinforcement layer and values for 
models in set 1 are shown in Figure 7-4 as an example. Top bar 1 represents the top 
longitudinal reinforcement and top bar 2 represents the top transverse reinforcement whereas 
bottom bar 1 represents the bottom main reinforcement and bottom bar 2 represents the 
bottom distribution reinforcement. Material angle for top bar 2 and bottom bar 2 would be 
90 degrees in this case.  
The left end of the BAS model represents the slab-pavement interface and the right 
end of the approach slab represents slab-bridge interface. The slab-bridge interface and slab-
pavement interface are modeled as pinned connection except in case 5 i.e. BAS with no 
sleeper slab scenario. 
  
Figure 7-2: Typical finite element model for Bridge Approach Slab
 
 
 
Figure 7-
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3: Shell element used in finite element model 
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Table 7-2 Reinforcement input for models 
Set Span (ft) 
Depth 
(in) 
Bottom reinforcement 
(Main / Distribution) 
Top reinforcement 
(Longitudinal/ Transverse) 
1-Std MO 25’ 12’ #8@5” / #6@15” #7@12” / #4@18” 
2-MOD 
MO 25’ 12’ 
#6@6” / #4@12” #5@12” / #4@18” 
3-ID 20’ 12’ #8@9” / #5@12” #4@18” / #5@12” 
 
 
 
Figure 7-4: Shell area element layer definition 
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Material Properties 
The concrete compressive strength considered was 4000 psi. Based on this, the 
modulus of elasticity and modulus of rupture were calculated as per ACI 318 equations as 
shown below 
Modulus of Elasticity- Ec=
57000fc'
1000
=3,605 ksi 
Modulus of Rupture-fr=7.5√fc'= 474 psi 
The Poisson’s ratio for concrete was considered as 0.2 
Grade of steel was taken as 60000 psi. 
The non linear material model for concrete available in SAP 2000 was used in the analysis. 
 
Soil Properties 
The embankment soil underneath the bridge approach slab is modeled as a series of elastic 
springs with constant spring stiffness. Modulus of sub grade reaction is used to calculate the 
spring stiffness value (Al-Nasra and Wang 1994). The modulus of sub grade reaction 
controls the depth to which the slab on grade sinks. The value of sub grade reaction is 
directly proportional to the stiffness of the sub grade and is widely used in the structural 
analysis of foundation elements. A range of modulus of sub grade reactions are given in  
(Bowles 1996). The value for modulus of sub grade reaction for loose sand type of soil or 
termed as poor soil condition is considered as l8.4 lb/in3. The spring used in the models is 
defined by SAP software as “spring 1” type element. This spring element represents the soil 
underneath having stiffness corresponding to modulus of sub grade reaction considered. The 
  
value for spring stiffness entered in SAP
width and length of each shell element and 
Loads 
The loading of the model has been 
specifications (AASHTO 2004)
weight of 72 kips is considered along with 
considered along with the lane load. The design truck is 6 feet wide and the distance 
between front axle and middle axle is 14 feet. The distance between middle and rear axle 
varies from 14 feet to 30 feet. The distance between middle axle and rear axle has been 
considered as 14 feet as the span of approach slab modeled is either 20 feet or 25 feet. 
2005). The standard HS20-44 truck is shown 
Figure 7-
 
The design lane load consists of a load of 0.64 
distributed along the span of approach slab. The lane load is distributed transversely over 10 
feet width. The load has been applied as pr
Pressure loads under each axle for every wheel was calculated as 12.5
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 for each joint can be calculated by multiplying the 
computed to be 2649.6 lb/in.  
done according to AASHTO LRFD bridge design 
. The design truck HS20-44 with three axles and gross 
the design lane load. The tandem load is also 
in Figure 7-6 below. 
5: AASHTO standard design truck HS20-44 
kips per linear foot uniformly 
essure loads on one square feet 
 ksf for tandem and 16
(Roy 
 
element. The 
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ksf for truck load. The slabs modeled here were considered to be 38 feet wide with 3 traffic 
lanes. The loading has been applied in steps with three design trucks entering the slab at the 
slab-pavement end and then traversing the slab. It is obvious that there will be only two 
axles traversing on the slab at a time. We considered two axles with point load of 32 kip. 
The design truck and the design tandem load were positioned to produce extreme force 
effects as discussed in chapter 6. The critical axle and tandem position that provides the 
maximum moment are as shown in Figure 7-6. The schematic view of vehicle position over 
the slab is shown in Figure 7-7. Tandem loads are applied to model as shown in Figure 7-8. 
Truck loads are applied as shown in Figure 7-9. Lane loads are applied as shown in Figure 
7-10. 
 
 
Figure 7-6: Load locations for maximum bending moment 
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Figure 7-7: Schematic view for vehicle locations 
 
 
Figure 7-8: Tandem load for BAS model 
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Figure 7-9: Truck load for BAS  model 
 
 
Figure 7-10: Lane load BAS model 
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7.3 Load Cases and Load Combinations 
Four static load cases were identified in order to account for the extreme loading 
conditions. Load cases and Load combinations considered are as below.  
Load cases: 
Case 1) Dead load (DL-self weight of slab) 
Case 2) Truck load 
Case 3) Tandem load 
Case 4) Design lane load 
Strength Load Combinations: 
LC1- 1.25DL+1.75Tandem laod+1.75lane load 
LC2- 1.25DL + 1.75Truck load + 1.75 lane load 
Service Load Combinations: 
LC3- DL +Truck + Lane load  
LC4- DL+ Tandem + Lane load  
7.4 Analysis of Results 
The 15 models explained in model matrix were run and their output results are 
shown in Table 7-3. Some salient observations from the analysis are noted below. 
a) The maximum deflection at the centre for Standard Missouri approach slab is 0.63” for 
simply supported case whereas the maximum deflection of modified Missouri approach 
slab is 0.68”. It can be found that Idaho slab deflection was found to be as low as 0.36” 
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for simply supported condition. The maximum deflection value for slab on grade with 
given percentage of voids was observed to be 0.3”. 
b)  The maximum moment for simply supported condition was observed to be 134.52  ft-
kips per feet for the standard MO-BAS where as the maximum moment for slab on grade 
option was found to be 63.15 ft-kips per feet. 
c)  For all the models, the rebar bottom and rebar top stresses are observed to be much 
lower than the yield limits of the reinforcement.  
The values for concrete and rebar stresses for slab on grade conditions seemed to be 
lower than that of simply supported condition. This reflects the true behavior for slab on 
grade situation.   
Table 7-3 Analysis results for BAS models (width =38’) 
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Moment Contours: Some visual results for moment contour were captured. The 
selected cases were considered and are as follows- 
a) 25 feet model – Simply supported condition with lane loads (Figure 7-12). The 
maximum moment value is 134 ft.kip/ft. distributed mainly at the center of the span. 
b) 25 feet model – 25% Voids under slab with lane loads (Figure 7-13) 
c) 25 feet model – Slab on grade with no sleeper slab ( Figure 7-14) 
d) 20 feet model – Simply supported condition with lane loads (Figure 7-15) 
e) 20 feet model – 25% Voids under slab with lane loads (Figure 7-16) 
f) 20 feet model – Slab on grade with no sleeper slab. (Figure  7-17) 
 
 
Figure 7-11: Moment pattern for Standard MOBAS model case 1 
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Figure 7-12: Moment pattern for Standard MOBAS model case 4 
 
 
Figure 7-13: Moment pattern for Standard MOBAS model case 5 
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Figure 7-14: Moment pattern for CIP option model case 1 
 
Figure 7-15: Moment pattern for CIP option model case 4 
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Figure 7-16: Moment pattern for CIP option model case 5 
 
Special Load Condition: It should be noted that design lane load has been 
considered for all the models. From a practical point of view the slab lengths considered are 
such that the BAS can’t cover the whole unit of truck. Hence, the lane load could possibly 
be excluded from consideration for the design of the approach slab.  At any given time it is 
unlikely that both lane loads and truck loads would be present simultaneously for the span 
length being considered here. The effect of the presence or absence of the design lane load 
was studied by carrying out a finite element analysis. 
 
Results and Observations for Analyses with and without lane loads: All the 
model files were rerun with two separate load combinations considering no design lane load 
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or in other words considering the effect of truck and tandem load only. The results are 
shown in Table 7-4.  
Table 7-4 Comparison of results considering lane load and without lane load 
 
 
The analysis results for BAS models with and without design lane loads presented in 
Table 7-4 are reorganized in the form of bar charts in order to facilitate comparison of 
individual metrics. The moment values were compared for all model cases with and without 
lane loads. Figure 7-17 presents the bar chart showing peak moment values derived from the 
analysis for all the cases considered. Figure 7-18 shows comparison for peak deflection 
obtained in each case and Figure 7-19 shows the comparison for slope. 
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Figure 7-17: Design moment with and without lane loads 
 
a) Moment comparison: Figure 7-17 shows a comparison of moments for spans of 20 and 
25 feet, with and without lane loads and also various void conditions under the slab. The 
following observations are made from Figure 7-17. Comparison is made with and 
without lane load in case presented below. 
Simply supported case: It can be seen that the peak moment value occurs for the case 
of the simply supported condition with a value of 134.52 ft-k /ft for the combination 
with lane loads and a value of 64.27 ft-kips/ft for the combination without lane loads. 
For the 20 feet span the corresponding values are 91.63 ft-k/ ft and 46.5 ft-k/ft. 
respectively. Hence, the removal of lane loads from consideration results in a decrease of 
49 to 52 percent in the moment demand for simply supported cases.   
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Void (25%) formation case with springs over the remainder 75% span: It is also 
observed that with 25% void formation the moment value drops from 63.15ft-kips/ft to 
56.47 ft-k/ft. for 25 feet and 20 feet slab case respectively with lane load consideration, 
as compared to the simply supported cases. For the condition where lane load is not 
considered, with 25% void formation, the moment value drops from 31.5 ft-kips/ft to 
29.4 ft-k/ft. for 25 feet and 20 feet slab case respectively. It is also seen that in all the 
cases except the simply supported case, for the analysis without lane loads the moment 
demand is less than 40 ft-k/ft. 
 
Figure 7-18: Deflection with and without lane loads 
 
b) Deflection comparison: The deflections have been taken from the worst of the service 
load cases. Figure 7-18 shows the peak deflection value for the span of 20 and 25 feet, 
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with and without lane loads and also for various void conditions under the slab. The 
observations are as follows. 
 Simply supported case:  It can be seen that the peak deflection value for the case of 
simply supported condition with a 25 feet span is 0.68 inches for the combination with 
lane loads and a value of 0.34 inches for the combination without lane loads. For the 20 
feet span the corresponding values are 0.36 inches with lane load consideration and 0.19 
inches without lane load consideration. Hence, the removal of lane loads from 
consideration results in a decrease of 47 to 50 percent in the deflection.  
Void (25%) formation case with springs over the remainder 75% span: It is also 
observed that with 25% void formation the deflection value drops from 0.3 inches to 
0.22 inches for 25 feet and 20 feet span respectively with lane load consideration, as 
compared to simply supported cases. For the condition where the lane load is not 
considered, with 25% void formation, the deflection value drops from 0.15 to 0.12 for 25 
feet and 20 feet slab respectively.  It is also observed that the peak deflection is 0.68 
inches which is less than 1.5 and 1.2 inches reported as a serviceability criterion (Wahls 
1990). Hence, the slab design appears to be satisfactory as per reported serviceability 
criteria. 
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Figure 7-19: Slope with and without lane loads 
 
c) Slope comparison: The slope at the abutment end have been taken from the worst of the 
service load cases. Figure 7-18 shows the peak deflection value for the span of 20 and 25 
feet, with and without lane loads and also for various void conditions under the slab. The 
observations are as follows 
Simply supported case:  it can be seen that the maximum slope value occurs for the 
case of the simply supported condition with a value of  0.42 degrees for the combination 
with lane loads and a value of 0.204 degree for the combination without lane loads. For 
the 20 feet span the corresponding values are 0.27 degree and 0.14 degree respectively. 
Hence the removal of lane loads from consideration results in a decrease of 48 to 51 
percent in the slope at the abutment.  
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  Void (25%) formation case with springs over the remainder 75% span: It is also 
observed that with 25% void formation the slope value drops to 0.18 degree and 0.17 
degree for 25 feet span and 20 feet span respectively for combinations with lane load 
considerations as compared to simply supported cases. For the condition where the lane 
load is not considered, with 25% void formation, the slope value drops from 0.092 
degree to 0.087 degree for 25 feet and 20 feet slab case respectively.  
The peak slope value for 20 ft slab with 25% void formation case is observed as 0.17 
degree and is less than 0.286 degree as per the 1/200 radians criterion.  The slabs appear 
to satisfy a reported serviceability criterion pertaining to slopes (Wahls 1990). 
7.5 Conclusion 
 From the computer analyses presented above it can be observed that the design 
moment varies considerably depending on the boundary and void conditions assumed. It 
also depends on whether lane loads are considered along with truck/tandem loads. It is noted 
for a new slab of 20 ft span the peak moments were  
a) 91.63 ft.kip/ft. for 20 ft span simply supported case with lane load 
b) 46.5 ft.kip/ft. for 20 ft span simply supported case without lane load 
c) 56.47 ft.kip/ft. for 20 ft span with 25% void formation and with lane loads 
d) 29.47 ft.kip/ft. for 20 ft span with 25% void formation and without lane loads 
Chapter 8 presents the design and design recommendations for the 20 feet long 12 inch deep 
new approach slabs that proposed for new cast in place construction. 
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CHAPTER 8  
NEW CAST IN PLACE BAS DESIGN RECOMMENDATIONS 
This chapter presents the final design recommendations for new cast in place 
approach slabs. The recommendations are based on the cost analysis and shortlist of states’ 
details presented in chapter 5, design specifications presented in chapter 6 and the 
subsequent numerical modeling for the computation of moment values presented in chapter 
7. Two recommendations for the 20 feet span x 12 inch deep slab are presented along the 
details of the moment capacity in comparison with moment demand. Sectional drawings are 
presented in this chapter and the specification drawings based on the original MoDOT 
standard drawings are presented in the Appendix. 
 
8.1 New Cast in Place Bridge Approach Slab 
The analysis for 20 feet span and 12 inch deep approach slab was done using SAP 2000 as 
discussed in the previous chapter.  Analysis results for 20 feet span BAS discussed in 
chapter 7 shows considerable amount of reduction in moment, deflection and slope when 
compared to current MoDOT BAS.  
This research study proposes an approach to structural design of approach slab using 
design by LRFD bridge design manual and analyses of the slab in SAP 2000. It proposes a 
slab with span of 20 feet and depth of 12 inch for new construction of cast in place (CIP) 
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approach slabs for MoDOT. Table 8-1 shows the options recommended for new CIP BAS. 
Figure 8-1 and Figure 8-2 show sectional details of recommendations for new CIP Bridge 
Approach Slab for MoDOT which were developed thorough this research study.  
Table 8-1 Options recommended for new CIP BAS 
Option 
Span 
(ft) 
Depth 
(in) 
Cover 
(in) 
Bottom Reinforcement 
(Main/Distribution) 
Top Reinforcement 
(Longitudinal/Transverse) 
1 20 12 3 #6@5” / #5@12” #4@18” / #5@12” 
2 20 12 3 #6@5” / #5@12” #5@12” / #5@12” 
 
 
 
Figure 8-1: Option 1-CIP BAS for new approaches 
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Figure 8-2: Option 2-CIP BAS for new approaches 
 
Table 8-2 provides a comparison of the current practice and recommended BAS 
options showing cost break up for various sub tasks calculated using the procedure 
explained in chapter 5. The moment capacities of the slab calculated as singly reinforced 
section is shown in the last column. The recommended options were discussed with MoDOT 
personnel. It was decided to proceed with the option 2 as a new choice for the cast in place 
BAS. 
 
Table 8-2 Comparison of current BAS and recommended BAS options 
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8.2 Design Based Justification 
Chapter 7 provides design moment demand values for 20 feet span considering 
simply supported case and 25% void formation case. As discussed in chapter 6 and 7 the 
design lane load can be neglected for the length considered here. The demand moment for 
20 feet span and 12 inch thick slab obtained from computer analysis is 29.47 ft-kip/ft for 
25% void formation case. The strength design was carried out for a demand moment value 
of 29.47 ft-kips/ft.  
The area of main reinforcement required for the demand moment of 29.47 ft-kips/ft 
is 0.72 in2 per feet of BAS width. The main rebars recommended here are #6 bars @ 5” 
having an area of 1.06 in2 per feet of BAS width. The design moment capacity considering 
singly reinforced section is calculated as 37.3ft-kip/ft BAS width. The final recommendation 
for reinforcement for the new CIP BAS is shown in Table 8-2. It shows that the provided 
reinforcement satisfies the reinforcement requirement. 
Table 8-3 Reinforcement for new CIP BAS 
Reinforcement type Area required 
(in2/ft) 
Reinforcement 
bars provided 
Area provided 
(in2/ft) 
Bottom main  0.72 
(as per strength design) 
#6@5” 1.06 
Bottom distribution 0.16 
"100√# $    
%&'()
100  
#5@12” 0.31 
Top longitudinal 0.26 
0.0018bh…ACI-7.12.2.1 
#5@12” 0.31 
Top transverse 0.26 
0.0018bh…ACI-7.12.2.1 
#5@12” 0.31 
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Discussions with Idaho DOT personnel: After the design process an Idaho DOT personnel 
Mr. Mike Ebright (mike.ebright@itd.idaho.gov) was contacted for any specific issues faced 
by their approach slabs. Several items were discussed which are listed below. 
a) Idaho BAS is designed by considering simply supported slab for 10 feet unsupported 
length.  They have been using the slab for over ten years to date. 
b) A sleeper beam is used along with the approach slab. 
c) It appeared that the Idaho BAS does not face any major problem. 
8.3 Conclusion 
The design moment considering a simply supported BAS leads to a highly 
conservative design approach. The Bridge approach slab recommended by this research cuts 
down almost 22% of the cost of construction if compared to the current MoDOT BAS cost 
of construction. It should be noted that elastic soil support has been considered in designing 
the BAS and forms the basis of this recommended design. The demand moment calculated 
considers 75% span supported by poor soil. Lane load is not included in the design while 
considering combination with the Truck or Tandem load. 
Based on the analysis procedure followed in this research, it is evident that the 
design moments for bridge approach slabs can be significantly reduced even if the slab was 
assumed to be supported for 75% of BAS span on weak or poor soil having modulus of sub 
grade reaction of 18.4 lb/in3. The expected deflection and slope for considered % void 
formation are within their allowable limits.  
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APPENDIX A 
SURVEY RESPONSES 
Detailed Response for the state survey 
Question 1) Do you face frequent problems with Bridge Approach Slabs in your state? If 
yes, how would you categorize the approach slab problem in your state 
State Response 
New Mexico Yes.  Approach slab problems are minor to moderate. 
Alaska Alaska has used approach slabs for less than 10 years, so we don't have 
much history of problems.  The most common issue is relatively high 
cost -- Approximately $50,000 per bridge.  Also, with our relatively 
short construction season (cold climate), the contractors are rushed to 
cast the approach slab late in the Summer and into the Fall.  Sometimes 
we just delete the approach slabs from the contract if the contractor gets 
too far behind in his construction schedule 
Illinois Illinois has not experienced frequent problems with their bridge 
approach slabs. 
Arizona NO 
Nebraska Nebraska has had some minor cracking in some of our approach slabs.  
They would categorize these problems as minor. 
Arkansas AHTD does not have "frequent problems" with Bridge Approach Slabs 
constructed with current details.  Categorization is Minor. 
North Carolina 
 
problems faced with 2% of our 13,000 bridges 
Tennessee 
 
The experiences with approach slab problems could not be characterized 
as frequent, but do occur from time to time.  The problems are 
settlement-related. 
 
Florida 
 
Approach Slab problems are not frequent. 
 
Indiana 
 
They have been some failures of Bridge Approach Slabs in 
Indiana. These are mostly found on bridges that have been constructed 
with integral end bents. 
 
Oklahoma 
 
Occasionally face settlement issues with our approach slabs - often 
times there is a bump at the end of the bridge 
 
South Dakota 
 
The majority of the problems are associated with approach slab 
settlement (Embankment and/or backfill below the slabs). 
 
Kansas They have some moderate problems which cost $40,000 to $ 75,000 per 
 101 
 
 end on 40’ roadway 
Iowa A significant problem 
Minnesota Yes, they face problem in maintaining the joint between BAS and 
pavement 
Pennsylvania No, they don’t face any problems 
Montana They don’t use BAS routinely 
South Carolina Minor to moderate problems 
Mississippi A common problem 
Virginia Settlement issues due to lack of compact of approach fill 
Question 2) What types of major failures do you see with the approach slabs? (A major 
failure is one which would require the replacement of the slab and or extensive mud jacking 
work to be performed). 
State Response 
New Mexico Severe settlement of the approach roadway embankment.  Some of these 
failures were due to the foundation soils not being preconsolidated 
before the roadway and bridge were built. 
Alaska No major failures encountered to date. 
Illinois Occasionally, Illinois has experienced bridge approach slab failures near 
the interface with the approach seat on bridge abutments.  They sense 
this problem is sometimes caused during the construction of the 
approach slab not being fully seated on the abutments because the 
backfill has covered the top of the approach seat.  When this backfill 
eventually migrates from the top of that seat, there is a gap left which 
causes the approach slab to settle. 
Arizona No major failures except some settlement and cracking problems in few 
very old approach slabs. 
Nebraska Nebraska has not had major failures with their approach slabs. 
Arkansas In Arkansas the main failure is movement which requires mud jacking.  
Suspect the cause is water getting under the slab. Have done some slab 
jacking with polyurethane. 
North Carolina 
 
Settlement is the by far the most common problem.  They typically 
would mudjack these.  They have not seen any "structural" failures, 
which would require replacing the approach slab. 
Tennessee 
 
Problems arise from either settlement due to lack of proper embankment 
compaction or subsidence of ground under the embankment. 
 
Florida 
 
Major problems would be settlement or displacement away from the 
backwall. 
 
Indiana 
 
Through researching the situation they have found that the cyclic 
temperature-induced expansion and contraction of the bridges has 
caused settlement of the backfill under the approach slabs.  This 
situation leaves a void under the slab which quickly cracks.   
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Oklahoma 
 
They had some settlement issues – cracking 
 
South Dakota 
 
Joint failures, settlement of slab and/or supporting "sleeper” 
slab and deterioration of ride quality due to poor roadway profile are the 
more major issues. 
Kansas 
 
They have considerable problems with the approach slabs. 
1. Differential settlement issues. 
a. Often caused by the public’s demand to open a roadway as fast as we 
can which doesn’t allow enough time for large fill areas to settle out. 
b. Kansas goes through an extensive number of freeze-thaw cycles per 
year (per day on some days).   
c. Drainage problems which creates voids. 
2. Expansion joint problems-maintain water tight joints which always 
allow proper movement. 
a. Joint materials don’t perform well with movements in all directions. 
3. Aggregate problems, D-cracking, etc. 
4. Fill material problems-expansive soils. 
 
Iowa They have experienced following problems 
1. Failure of the paving notch on the abutment. 
2. Failure at the end of approach slab that rests on the paving notch 
3. settlement of the approach slab at 20’+ from the bridge  
4. large cracks in the approach slab panels 
Minnesota Extensive cracking or settlement 
Pennsylvania N/A 
Montana N/A 
South Carolina Extensive voids underneath due to either poor material and/or water 
leakage. 
Mississippi Settlement issues 
Virginia Settlement issues due to lack of compaction  of approach fill 
Question 3) What type of minor failures do you see with approach slabs? (A minor failure is 
one where the DOT maintenance personnel would be able to fix the problem). 
State Response 
New Mexico Minor joint failures, minor settlement.  Minor settlement is fixed by 
overlaying the approach slab with asphalt to get a smoother riding 
surface. 
Alaska No minor failures encountered to date. 
Illinois One minor problem encountered is when bridge approach slab used with 
integral abutment (joint-less bridges) is tied to the bridge deck slab with 
a series of longitudinal bars.  As the bridge approach slab is pour and 
begins curing, the bridge may expand and contract during that curing 
that can lead to some cracking in the approach slab. 
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Arizona Minor local deterioration and cracks  
Nebraska Nebraska has had some minor cracking in some of our approach slabs.  
They have recently increased the amount of reinforcing steel in the 
paving and approach sections to alleviate this cracking.   
Arkansas Minor settlement at the end away from the bridge. Not Many. Mostly 
cracking which would be sealed or patching a spall with rapid set 
concrete. 
North Carolina 
 
Only "minor" failure would be in the joint between the approach slab 
and the structure.  They may also have a few concrete surface spalls, but 
not much else. 
Tennessee 
 
Minor vs. major is solely defined by the degree of settlement and what it 
takes to correct the problem. If paving can correct the problem, it's 
minor.  If slab replacement or jacking is the solution, it's major. 
Florida 
 
Minor problems would be cracking or spalling of the concrete, or 
erosion along edges of approach slabs. 
 
Indiana 
 
Minor cracking can be seen in some other approaches.  If any 
maintenance is done on these it would be just to seal the cracks. 
Oklahoma Small bump at the end of the bridge, minor settlement, shrinkage cracks 
South Dakota Minor joint repairs not involving significant settlement, neoprene 
gland tearing or pullout, and steel extrusion anchorage failure are 
some minor issues not requiring replacement or mudjacking of the slab 
itself. 
Kansas Expansion joint problems-if caught in a timely manner District’s can 
make repairs. 
All Districts contact most mud jacking operations but some do minor 
repairs themselves. 
District patches spalls, seal cracks and level uneven pavement with 
asphalts. 
Iowa Development of voids adjacent to the abutment below the approach slab, 
some of the voids have been very large. 
Minnesota 
 
Problems with the joint at the end, and some issues with erosion due to 
inadequate drainage. 
Pennsylvania N/A 
Montana N/A 
South Carolina Approach slab movement. 
Mississippi Cracking and small pot holes. 
Virginia Settlement issues that can be solved by additional asphalt to the 
approaches. 
Question 4) Are you satisfied with the current design or are you planning to change it? 
State Response 
New Mexico Changed our backfill requirements, and we are doing more 
preconsolidation in areas where we are building large fills. 
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Alaska Generally satisfied with their current design.  May consider going to a 
precast concrete slab instead of cast-in-place to eliminate end of 
construction season / cold weather related problems with curing 
concrete. 
Illinois Illinois is   currently satisfied with their bridge approach slab design and 
details.  It is designed as a structural member able to span the 30 foot 
length.  That way if the backfill settles near the abutment, the approach 
slab can span that void. 
Arizona Yes, they are satisfied with the current practices. 
Nebraska Yes, they are satisfied with their   current design.  They don’t   plan to 
change it.   
Arkansas Currently satisfied with no plans to change. 
North Carolina 
 
They have changed the subgrade preparation a few times, but the basic 
reinforced concrete slab has remained unchanged. They don't see any 
changes. 
Tennessee They are satisfied with the current design. 
Florida They are satisfied with the current design. 
Indiana They are currently looking into the problem with integral structures from 
both a structural and geotechnical aspect.  Design changes may be 
recommended. 
Oklahoma They are planning to change our integral abutment design to place 
flowable fill under the approaches instead of granular backfill material. 
South Dakota The plan is to continue to use current details/design; however they are 
always looking to improve. 
Kansas 
 
They have had better success using recently sleeper slabs (15 years) and 
by tying first 13’ approach section into bridge decks (6 years). Abutment 
strip drains (10 years) have also helped a great deal. 
They are going to a new joint system (District One has used for 5 years) 
that the Districts are more willing and able to maintain by themselves 
(Polytite—recent price $110/Ft installed, District 5). A number of Areas 
in District One have completed installations themselves. 
They are currently looking at a new idea using an asphalt wedge 
between concrete slabs to be used as a buffer for expansion and 
contraction (see attachment). The Districts would be able to maintain the 
asphalt wedge easier and more effectively. 
Iowa They changed the design of the approach slab and the paving notch. The 
approach slab panel adjacent to the bridge has been designed to be a 
structural beam, allowing it to carry load when sub-grade support is 
lost.   The paving notch width has been increased to 15” and a piece of 
the fiber board laps onto the front 4” of the notch to “shield” the corner 
from load. 
Minnesota They are in the process of updating the standards.   
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Pennsylvania They have design standards and construction standards for approach 
slabs that are available on the internet. 
Design Standards 
ftp://ftp.dot.state.pa.us/Bridge%20Standards/Current%20Bridge%20Des
ign%20Standards%20-%20BD-600M%20Series/bd628m.pdf 
Montana N/A 
South Carolina Satisfied with the current design. 
Mississippi They are currently looking at a minor re-design, dropping the elevations 
down about 2 inches and placing a lift of HMA on them. 
Virginia For the last two years (+/-) they have been changing the selection of 
backfill material behind the abutments.   
Question 5) Do you always specify special backfill for all approach slabs? Or do you have 
certain minor routes where no special backfill is specified and that you see a greater number 
of approach slab failure problems under those conditions. 
State Response 
New Mexico They do not always specify special backfill.  On Interstates, US routes 
and major NM routes, we specify special backfill or flowable fill and 
preconsolidation if necessary.  On minor routes, we specify A-1-a 
material compacted to 100% standard proctor density. 
Alaska Alaska always requires special embankment compaction at bridge 
approaches.  
Illinois For integral abutments Illinois use uncompacted porous granular 
embankment and for pile supported abutments and open abutments they 
use porous granular embankments. 
Arizona Yes, always specifies some sort of special backfill. 
Nebraska Nebraska specifies granular backfill underneath all our approach and 
paving sections. 
Arkansas Arkansas typically does not specify the backfill material under the 
approach slab. 
North Carolina 
 
Special backfill is always required, but heavily traveled primary routes 
would have the subgrade backfill material reinforced with geofabrics.  
The secondary routes may not get this, but traffic will be somewhat 
reduced. 
Tennessee Always specify special backfill. 
Florida 
 
The standards are the same for all bridges. 
 
Indiana Special backfill is required in all cases. 
Oklahoma Yes  
South Dakota 
 
Whenever a reinforced concrete approach slab is part of the plans, it gets 
special bridge end backfill. The type and configuration of the special 
backfill has varied over the years, but it does not seem to have had a 
significant impact on number of approach slab failure problems. 
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Kansas 
 
They do specify better materials and compaction requirements within 
certain limits of the bridge. 
Iowa They specify special backfill.  Recently, they have required that 
“flooding or jetting” be used during placement of the backfill. 
Minnesota They use the same backfill for all approach slabs. 
Pennsylvania They always specify a backfill that is free draining, typically we receive 
#57 aggregate. 
Montana N/A 
South Carolina They don’t specify special backfill. 
Mississippi They don’t specify special backfill. 
Virginia They use special backfill. 
Question 6) Any other thoughts on this problem that you would like to share. 
State Response 
New Mexico They would like to see what the results of our survey show.  Perhaps 
some of the states may have solutions that would work in NM state 
Alaska They have considered eliminating approach slabs on future projects. 
They are expensive and don't appear to offer a lot of benefit.  It may be 
more cost effective to re-grade / re-pave the bridge approaches every 
couple of years.  
Illinois Drainage along the back of the abutment is important. See their details 
on the following site. http://www.dot.il.gov/cell/details.pdf 
Arizona - 
Nebraska Their approach slabs consist of a 20 ft. approach section and a 30 ft. 
paving section.  We place grade beams on piles 20 ft. away from the 
abutments.  We also locate our expansion joints at the grade beams.  The 
approach section is supported by this grade beam and at the abutment, 
therefore acting as a simple span member.  One end of the paving 
section bears on the grade beam and the other end on the roadway 
embankment.  This design has worked very well for us for many years 
and provides a relatively smooth ride on and off the bridge. 
Arkansas AHTD does not construct Approach Slabs for every bridge.  Their 
current policy is to provide Approach Slabs for new construction on 
Interstate Routes or on bridges in high seismic zones. 
North Carolina 
 
They somewhat relate settlement problems to settlement in the 
embankment and natural material beneath the new embankment. They 
are always studying ways to reduce the settlement problems 
Tennessee None 
Florida None 
Indiana 
 
None 
Oklahoma 
 
None 
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South Dakota 
 
None 
Kansas 
 
None 
Iowa - 
Pennsylvania N/A 
Montana N/A 
South Carolina N/A 
Mississippi N/A 
Virginia They have not evaluated approach slabs with full integral and semi-
integral bridges, especially with the use of a sleeper pad 
 
Contact details for DOTS 
DOT Contacts 
State Contact Information Phone Number Email 
New Mexico Raymond M. Trujillo, 
P.E. 
(505) 827-5448  
Utah    
Alaska Richard Pratt, P.E. (907) 465-8890 richard.pratt@alaska.gov 
Illinois Ralph E. Anderson (217) 782-2124  
Arizona Noon Viboolmate, P.E. (602) 712-7391  
Nebraska Scott Milliken (402) 479-4801  
Arkansas Phil Brand (Division 
Head) 
(501) 569-2361 Phil.Brand@arkansashigh
ways.com 
North Carolina Greg Perfetti, PE (919) 250-4037 Gperfetti@ncdot.net 
Tennessee Tenn DOT (615) 741-2848  
Florida (State Structure Design 
Engineer) 
(850) 414-4255  
Indiana  (317) 232-5533 indot@indot.in.gov 
Oklahoma Bob Rusch (405) 521-2606  
South Dakota Steve Johnson (605) 773-3285 steve.johnson@state.sd.u
s 
Kansas Ken Hurst (785) 296-3761  
Iowa Norman McDonald (515) 239-1564  
Pennsylvania  (800) 932-4600  
Montana Bridge Design (406)  444-6260  
South Carolina Charles L. Matthews (803) 737-1490  
Mississippi  (601) 359-7017  
Virginia  (804) 786-2801  
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APPENDIX B 
SITE VISIT PICTURES 
Site Visits Pictures 
MO-71 Kansas City 
 
Cracking 
 
Surface cracking 
US 65-Chillicothe 
 
BAS surface 
 
Erosion of soil underneath BAS 
 
BAS movement from the abutment 
 
Bump 
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Lynn County 
 
1” Bump at end of the bridge 
 
Surface cracking due to uneven settlement 
 
½” Bump at other end of the bridge 
 
 
Randolph 
 
Erosion of soil underneath BAS 
 
Erosion of soil underneath BAS 
Schyler 
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Soil erosion underneath BAS 
 
Surface cracking 
 
Surface cracking 
 
Bridge at Front street-Kansas City-New Construction 
 
Sleeper slab 
 
Approach slab base 
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Sleeper slab reinforcement 
 
Pouring of Sleeper slab 
 
Pouring of Concrete in BAS 
 
Pouring completed 
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APPENDIX C 
PAY ITEM SUMMARY 
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TASK DETAIL REPORT 
Project: A 7540 
Location : GREENE CO. 
Project No.: J8P0683C 
Bid Date: 02115/2009 
Date: 0211712009 
Time: 13:43:51 
Pay Item: 503-10.10 
Pay Item Quantity: 
BRIDGE APPROACH SLAB (BRIDGE) 
185.000 S.Y. 
Task: : Set Approach Slab Steel 
Task: Quantity: 17,575.00 LBS 
LABOR 
Estimated TIme: 0.88 days 
Productivity: 20,000.00 Ibslday 
0.003 manhoursfLBS 
~de~sc~n",· p",tio",n _________ number days base rate loaded rate ~ ~ ~~ 
foreman 1.0 0.88 380.00 437.05 364.60 0.00 384.60 0.02 
laborer 2.0 0.88 221.42 374.55 454.00 39.00 659.20 0.04 
operator 1.0 0.88 276.48 471.59 283.40 24.30 415.00 0.02 
ironworker 2.0 0.88 237.50 503.92~~ 886.90~ 
6.0 5.28 1,609.00 105.10 2,345.70 0.13 
EQUIPMENT repairt part 
"de" ... co"'·p"'ijo"'n _________ Jl"""""--"'''''-...n.Ra.,te'''ld",· .. v~~~~~~ nymber days 
loader cal 
compressor 
generator cat 45 kw 
truck 2ton flatbed 
MATERIAUSUPPLIES 
descriDtion 
Reinforcing Steel Epoxy 
Missouri - Estimating 
10 088 312.84 123.20 38.70 49 .30 64.10 275.30 0.02 
1.0 0.88 105.45 21 .10 10.60 12.30 48 .80 92.80 0.01 
10 0.88 114.66 24.60 14.10 14 .10 48.10 100.90 0.01 
10 0.88 93.52 ~.-...LQQ ----.!ZQ ~~----2:QQ. 
4.0 3.52 192.10 70.40 82.40 206.40 551.30 0.04 
guan+waste ",un!!!its"-_-"un",iI",p",'oe,,, sub-total ~ sales tax ~ ~ 
19,332.500 lBS 0.69 12,1 26.75 10,00% Q.()(f,b 13,339.43 0.76 
12.126.75 1,212.68 -0:00 ~---oTs 
TOTAL TASK COST 
Overhead' 
Profit: 
Other Mark-Up: 
TOTAL COST PLUS MARK-UP: 
Page: 3 
~~ 
16,236.43 0.93 
e11 .83 0.05 
1.704.83 010 
___ 0_0_0 ___ 0_00_ 
1e .753.09 1.07 
ProEstimate NEnNORK 
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